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Introduction
In this contribution we discuss further details on procedures for initial access, RRM measurements and radio link monitoring. In [3] the following items were identified as essential:
Essential
· Timing recovery from SSB
· Cross SSB QCL relationship by Q and A: Which A, how to indicate or determine Q, range of Q, how to determine Q for RRM
· Type0-PDCCH monitoring
· RLM enhancement: IS and OOS 
The mechanisms for “timing recovery from SSB” was agreed in RAN1#98:
Conclusion:
The maximum number of PBCH DMRS sequences used in a cell is unchanged from Rel-15 (=8).
· The number of PBCH DMRS sequences used in a cell is independent of Q.
Agreement:
The 3 LSB bits of the SSB candidate position index are represented by the PBCH DMRS sequence index.
 
Agreement:
The following bits of the PBCH payload (not MIB) are used for serving cell timing determination within a frame in addition to the PBCH DMRS sequence index as agreed earlier:
·  for 15 kHz SCS, and   and  for 30 kHz SCS
·  (the half-frame bit as in Rel-15)

1	QCL determination 
In RAN1#98 the following agreements regarding QCL determination were made:
Agreement:
For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE
· A is the PBCH DMRS sequence index.
· Note: This agreement extends a prior agreement for serving cells on QCL relation between SS/PBCH blocks to neighbour cells

Agreement:
For purposes of SSB QCL derivation, the following values of Q are supported: {1, 2, 4, 8}.
· FFS: Further down-selection of allowed values.

Agreement:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.

1.1 Signaling of Q
One topic that remains is how Q is signaled to the for serving cells. In this section we go through different scenarios and list how Q can be signaled to the UE. 
Initial access
The initial access procedure in principle consists of the three steps:
1. Cell search with frame timing determination
2. Reading of SIB1 (including RACH configuration)
3. Random access
Because the number of PBCH DM-RS sequences are fixed (to 8) as in Rel-15, the UE can determine the frame timing without knowledge of Q.
To read SIB1 the UE needs to monitor PDCCH in the Type0-PDCCH CSS. The time-domain location of the Type0-PDCCH CSS in relation to an SS/PBCH block is signaled in MIB. In RAN1#98 it was agreed that if Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present. This means that for Type0-PDCCH CSS monitoring, the UE can restrict its monitoring to a subset of the monitoring occasions. If Q is not known, the UE needs to monitor every monitoring occasion.
Thus, also for this step, knowledge of Q is not required, even if we recognize that some optimizations with regards to Type0-PDCCH CSS monitoring could be possible if Q would have been known to the UE at this stage. Note that for most cases when the UE monitors Type0-PDCCH CSS, Q is known through other means (see discussion below), thus any optimization would not help reduce battery drain by any significant amount.
In the next step the UE maps the detected SS/PBCH block to a RACH resource/preamble. For this step Q is needed, since the mapping must be based on the beam index determined as the detected PBCH DMRS sequence index modulo Q. See also discussion in Section 4.1. We note that the RACH configuration required for initial access is obtained through SIB1, so mapping of detected SS/PBCH blocks to RACH resource/preamble is done after the UE has read SIB1. Thus, Q is strictly only needed after SIB1 has been read.
[bookmark: _Ref23945880][bookmark: _Toc24104667]Q is strictly only needed after SIB1 has been read.
In RAN1#98 the following agreement was made
Agreement:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency  

Given this agreement, for the vast majority of uses cases when the UE is required to monitor Type0-PDCCH CSS, Q is in fact known to the UE. This also includes SIB1 reading for cell re-selection (Q signaled in SIB2/4). In addition, for monitoring of e.g. Type0A-PDCCH CSS (other system information) and Type2-PDCCH CSS (paging) when searchSpaceID=0 in PDCCH-ConfigCommon (and the UE thus determines the monitoring occasions as described in Subclause 13 of 38.213) Q is known (from reading SIB or through dedicated signaling). Only for example in the case of initial cell selection when no information is available, Q is not known and thus the UE needs to monitor every allowed monitoring occasion. 
[bookmark: _Toc24104668]For the vast majority of use cases, when the UE is required to monitor Type0-PDCCH CSS, Q is known, and thus signaling Q in MIB is not motivated.
Despite this, in RAN1#98b the following agreement was made.
Agreement:
If 2 bits can be found to not be necessary in the current MIB, then Parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI.

In the following we will analyze the impact of indicating Q in the MIB. 
In case RAN1 decides to signal Q in the MIB, the proper way is to introduce an extension (BCCH-BCH-MessageType2) in in the CHOICE clause defined within BCCH-BCH-MessageType IE:
-- ASN1START
-- TAG-BCCH-BCH-MESSAGE-START

BCCH-BCH-Message ::=            SEQUENCE {
    message                         BCCH-BCH-MessageType
}

BCCH-BCH-MessageType ::=        CHOICE {
    mib                             MIB,
    messageClassExtension           SEQUENCE{}BCCH-BCH-MessageType2
}

BCCH-BCH-MessageType2 ::=       CHOICE {
    mib2                            MIB2,
    messageClassExtension           SEQUENCE{}
}

-- TAG-BCCH-BCH-MESSAGE-STOP
-- ASN1STOP
 
To allow a future extension in case yet another new MIB is needed in a later release, a 2nd hierarchy of choice needs be added within BCCH-BCH-MessageType2 which contains the new MIB (MIB2) as well as a placeholder (empty sequence) for the future extension, e.g., introduction of a future MIB3.
The unavoidable price to be paid for forward compatibility is that the addition of the 2nd hierarchy of choice requires an extra bit in ASN.1. Hence, not only 2 bits need to be found in order to include Q in MIB2, but in fact 3 bits need to be found.
[bookmark: _Toc24104669]In order to define a new MIB to carry the parameter Q, 3 bits (not 2) must be found to be not necessary in the current MIB.
The current MIB contains the following fields:
MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}

In Rel-15, the parameter pdcch-ConfigSIB1 is 8 bits, and we propose not to change that. 4 of these bits are used to index a row in the length-16 Table 13-11 in 38.213 which indicates the Type0-PDCCH monitoring occasions, and the other 4 bits currently index a row in the length-16 Table 13-4 in 38.213 which indicates the CORESET0 configuration.
As discussed below, there are deployments where channel access is not a major problem and LBT failure is infrequent. For those cases, multiple values in Table 13-11 in 38.213 are useful. Which one to select depends on the deployment, for example number of SS/PBCH blocks, RMSI payload, selected half frame, DRS failure rate, etc. From our analysis, we do not see any need for adding any new options; the current table already includes values useful for scenarios where channel access is challenging. At the same time, as for other features in NR-U, we also do not want to preclude Rel-15 functionality. Hence keeping all entries is judged to be important, also from a forward compatibility point of view. To summarize, there is no need to make any changes to the existing entries or the size of Table 13-11.
Regarding the CORESET0 configuration in Table 13-4 in 38.213, we acknowledge that a new table is required for operation with shared spectrum channel access in Band 46 since new values of the SSB-CORSET0 offsets are needed according to RAN4 agreements on the sync raster positions within a carrier. In [9] we show what such a new table will look like. However, we also discuss in [9] that to enable release independent addition of new bands (6 GHz is the obvious candidate), the number of bits used to index the CORESET0 configuration table should not be changed; it should be maintained as 4. This will allow a new length-16 table to be defined for the 6 GHz band, without introducing yet another new MIB in case new/different values of SSB-CORESET0 offsets will be needed for that band once regulations are settled for that band.
[bookmark: _Toc24104644]In order not to limit deployment scenarios and to enable release-independent addition of new bands (6 GHz), the number of bits in the parameter pdcch-ConfigSIB1 in MIB should not be changed from its current value of 8.
The only other possibilities for finding potentially unnecessary bits are the parameters subCarrierSpacingCommon and spare (2 bits in total). Strictly speaking, the former is not necessary for the 5 GHz band, since the UE always assumes same SCS for SIB1 and SS/PBCH (30 kHz) for initial access. One option is to leave this bit there, but restrict what value it can indicate for Band n46 (i.e., always 30 kHz). Then, for a new band, if it is needed to signal different SCS, this bit can be used for that purpose. Again, this is another way to enable release independent introduction of new bands.
Considering forward compatibility, it is difficult (if not impossible) to find 3 bits in the existing MIB for which to signal Q. Moreover, every time a new MIB is added, 1 less bit is available for the new MIB. Hence, introduction of a new MIB should only be done if absolutely necessary.
Based on the above arguments, we make the following assessment. Introducing a new MIB (apart from specification and implementation efforts) has the following issues
· The case it solves is not essential and is not a major energy consumer for the UE
· Freeing up bits, jeopardizes forward compatibility, potentially complicating introduction of the 6 GHz band 
· It changes core functionality of Rel-15
Thus, introducing a new MIB for NR-U just to cover the case of SIB1 reading for the first time does not seem well-motivated. Thus, we make the following proposal:

[bookmark: _Toc24104645]Support signaling of Q for the serving cell in SIB1 (ServingCellConfigCommonSIB).

Dedicated signaling
In many cases a serving cell is added using dedicated signaling, e.g. when configuring a UE with SCells or with an additional cell group (SCG) or for SpCells (MCG and SCG) upon reconfiguration with sync. For those cases ServingCellConfigCommon (not ServingCellConfigCommonSIB) is used to configure cell specific parameters of a UE's serving cell and thus Q should be included there as well. This is true, regardless of if Q is signaled in MIB or SIB1.
[bookmark: _Toc24104646]Support dedicated signaling of Q for a serving cell in ServingCellConfigCommon

RRM Measurements
RRM measurements in NR are configured per frequency using the IEs intraFreqCellReselectionInfo (SIB2), InterFreqCarrierFreqInfo (SIB4) and MeasObjectNR (dedicated RRC signaling). In addition, cell specific parameters can be included in IntraFreqNeighCellInfo (SIB3), InterFreqNeighCellInfo (SIB4) and CellsToAddMod (dedicated RRC signaling).
In RAN1#98 the following agreement was made
Agreement:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency  

The agreement above only covers neighbor cells. For serving cell RRM measurements, it is not clear if the UE should use the Q signaled in MIB/SIB1/ServingCellConfigCommon or the Q signaled in the intra frequency measurement object/SIB2. In case the common Q in the measurement configuration is larger than the Q used by the serving cell (and no cell specific Q is signaled) the serving cell need to restrict in which SS/PBCH block candidate positions it transmits SS/PBCH blocks as illustrated with the green fields in the figure below.
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Thus, using the (potentially smaller) Q signaled in MIB/SIB1/ServingCellConfigCommon or the (potentially larger) Q signaled in the measurement configuration is equivalent. If a cell specific value of Q is provided for the serving cell in the measurement configuration, it should be the same value as signaled in MIB/SIB/ServingCellConfigCommon, so it doesn’t matter which one is used by the UE. In general, the serving cell measurements requirements follow the SMTC configuration provided by the measurement configuration (MeasObjectNR/SIB2), thus we think it makes sense (no strong view) to use the latter also for serving cell RRM measurements. 
[bookmark: _Toc24104647]Extend the agreement from RAN1#98b on how Q is signaled for RRM measurements for neighbor cells to also include serving cells.
Proposed Modification:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency  


Another thing that remains is to agree on is in which IEs Q should be signaled for different scenarios; however this is mainly a RAN2 topic and thus we refer to our RAN2 paper [10] for this discussion. 
In some deployments channel access is not a major problem and LBT failure is infrequent. In such deployments, relying on Rel-15 NR mechanism for QCL and timing determination is sufficient. In other words, it is useful to be able to configure whether or not SS/PBCH blocks are allowed to shift in time or not. One simple way of signaling this to the UE is let the absence of Q be indicative of that the UE should apply the Rel-15 method of QCL and timing determination. Another option could be to configure the DRS transmission window (or discovery burst transmission window as currently adopted in the latest 38.213 CR) to exactly match the number of transmitted SS/PBCH blocks. This method however only works for a serving cell. For neighbor cell RRM measurements, the UE measures in the configured SMTC window. The SMTC window needs to cover both timing differences between cells and multiple transmission opportunities due to LBT failure, thus if the SMTC window is configured to just match the number of transmitted SSBs, no margin is left to timing differences between cells, which is highly undesirable.

[bookmark: _Ref23769350][bookmark: _Ref23922301][bookmark: _Toc24104648]The absence of Q is indicative of that the UE shall apply the Rel-15 method of QCL and timing determination where SS/PBCH blocks do not shift in time. For neighbor cell RRM measurements, the absence of Q in SIB2/SIB4/MeasObjectNR is used as indication. 

1.3 Type0-PDCCH monitoring
In RAN1#98, the following agreement on Type0-PDCCH monitoring was made:
Agreement:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.

and in RAN1#98b a further related agreement was made
Agreement:
· No further down selection is made for set of Q values, i.e., Q = {1,2,4,8} (resolves FFS of prior agreement on Q values)
· UE does not expect to be configured with two Type-0 PDCCH monitoring occasions in a slot with Q=1.
· Note: This does not imply a change in Rel-15 behavior for Type-0 PDCCH monitoring in two consecutive slots.
· Note: This agreement does not imply any changes to Rel-15 PDCCH monitoring requirements on BD/CCE limits per slot
· RAN4 requirements for SSB detection during initial cell search should be defined assuming Q = 8. This assumption does not have any other specification impact.
· Include this agreement in an LS to RAN4 asking them to take this into account. The LS should also provide an overview on the definition of Q.

[bookmark: _Hlk24024822]As discussed in Section 1.1, Q is known to the UE except for the case of initial cell selection. For that case (Q unknown) the UE should monitor every allowed Type0 PDCCH CSS monitoring occasion (in the DRS transmission window) that could be associated with the SS/PBCH block from which the UE determined that a CORESET for Type0-PDCCH CSS set is present. By “allowed” we mean that the UE is not expect to be configured with two Type-0 PDCCH monitoring occasions in a slot if Q=1, as agreed in RAN1#98b.
[bookmark: _Hlk23949425][bookmark: _Toc24104649][bookmark: _Toc24104650]If Q is unknown to the UE, the UE should monitor every allowed Type0 PDCCH CSS monitoring occasion (in the DRS transmission window) that could be (Q unknown) associated with the SS/PBCH block from which the UE determined that a CORESET for Type0-PDCCH CSS set is present.
Note that for other types of PDCCH CSS monitoring, e.g. Type0A (other system information), Type1 (random access response) and Type2 (paging), Q is known to the UE because such monitoring occurs after reading SIB1 for the initial cell selection case. 
2 	DRS transmission window 
In RAN1#98bis, the following agreement was made with respect to the DRS transmission:
Agreement:
Support configuration of the DRS transmission window duration of a UE’s serving cell(s)
· DRS transmission window periodicity is the same as the configuration of SSB burst periodicity
· Note: RAN4 performance requirements depending on the DRS transmission window size, e.g., RRM, will assume a DRS transmission window size of 5 ms

In the “Summary of RRC parameters for NR-U up to RAN1” [11], it is agreed that the parameter DRS-WindowLength-r16 is signaled in ServingCellConfigCommon and ServingCellConfigCommonSIB. Before the UE has read SIB1 it needs to assume a window length. To allow any possible window length to be used by a cell, we propose that the UE assumes the maximum value, i.e. 5 ms.
[bookmark: _Toc24104651]For initial access, the UE assumes a default DRS transmission window duration of 5 ms. 
3 	SS/PBCH block index
Rel-15 specifications makes heavy use of the term SS/PBCH block index. In Rel-15 an SS/PBCH candidate position and an SS/PBCH block index are synonymous, because the SS/PBCH blocks are always transmitted at the same time location. Both terms are introduced in the following section of 38.213:
	




The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to . A UE determines the 2 LSB bits, for , or the 3 LSB bits, for , of a SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For , the UE determines the 3 MSB bits of the SS/PBCH block index per half frame from PBCH payload bits  as described in [5, TS 38.212].



This is no longer the case for NR-U when the SS/PBCH blocks are allowed to shift in time. RAN1 has already agreed that a candidate SS/PBCH block index range from 0 to 19 for 30 kHz SCS and 0 to 9 for 15 kHz SCS. Thus to be consistent with the “beam” interpretation of the SS/PBCH block index in Rel-15, we propose to define the SS/PBCH block index as modulo(A,Q).
[bookmark: _Ref23955548][bookmark: _Ref23773047][bookmark: _Toc24104652]RAN1 to agree on the following terminology to be used consistently across RAN1 (and RAN2/RAN4) specifications for operation with shared spectrum channel access:
- Candidate SS/PBCH block index as previously agreed in RAN1
- SS/PBCH block index = modulo(A, Q)
Below we give an example of how the terminology is used when Q=4, the DRS transmission window is 5ms long and 30kHz sub-carrier spacing is used.
[image: ]
To further highlight the distinction between the terms “candidate SS/PBCH block index” and “SS/PBCH block index”, we give an example of how the terms can be captured in 38.213. We base the description on v5 of the draft CR for 38.213 where “candidate SS/PBCH block index” has already been used.
	




[bookmark: _Hlk23845347]The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to . A UE determines the 2 LSB bits, for , or the 3 LSB bits, for , of a SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For , the UE determines the 3 MSB bits of the SS/PBCH block index per half frame from PBCH payload bits  as described in [5, TS 38.212].
For operation with shared spectrum channel access, the candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to , where  for SCS of SS/PBCH blocks of 15 kHz, and  for SCS of SS/PBCH blocks of 30 kHz. A UE determines the 3 LSB bits of an index of the candidate SS/PBCH block per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For , the UE determines the 1 MSB bit of the index of the candidate SS/PBCH block per half frame from PBCH payload bit . For , the UE determines the 2 MSB bits of the index of the candidate SS/PBCH block per half frame from PBCH payload bits  as described in [5, TS 38.212].
A UE can be provided per serving cell by ssb-periodicityServingCell a periodicity of the half frames for reception of the SS/PBCH blocks for the serving cell. If the UE is not configured a periodicity of the half frames for receptions of the SS/PBCH blocks, the UE assumes a periodicity of a half frame. A UE assumes that the periodicity is same for all SS/PBCH blocks in the serving cell.
For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames. 
For operation with shared spectrum channel access, a UE assumes that transmission of SS/PBCH blocks in a half frame is within a discovery burst transmission window that starts from the first symbol of the first slot in a half-frame and has a duration provided by DRS-WindowLength-r16. For a serving cell, the UE assumes that a periodicity of the discovery burst transmission window is same as a periodicity of half frames for receptions of SS/PBCH blocks in the serving cell. 
For operation with shared spectrum channel access, a UE assumes that SS/PBCH blocks in a serving cell that are within a same discovery burst transmission window or across discovery burst transmission windows are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214], if a value of the SS/PBCH block index  is same among the SS/PBCH blocks.  is an index of a DM-RS sequence transmitted in a PBCH of a corresponding SS/PBCH block, and  is obtained from … 


 
In Rel-15  is the maximum number of SS/PBCH blocks per half frame. This variable is also used e.g. when determining the number of RLM-RS (see Section 5 in 38.213). Thus, it needs to be defined also for operation with shared spectrum channel access. For the frequency bands targeted (5 GHz and 6 GHz) the corresponding Rel-15 value is , thus we propose that is defined in the same way for operation with shared channel access.
[bookmark: _Ref24110819][bookmark: _Toc24104653]For operation with shared spectrum channel access,  is equal to 8 when operating in 5 GHz and 6 GHz bands.
The definitions in Proposal 8 and Proposal 9 allows the description of many UE procedures to remain unchanged from Rel-15. For example, the following procedure descriptions can remain unchanged:
· SS-RSRP and SS-RSRPB definitions in 38.215
· Radio link monitoring procedures in 38.213 §5
· Link recovery procedures in 38.213 §6
· Uplink power control in 38.213 §7
· PUCCH Formats for UCI transmission in 38.213 §9.2.2
Common for all the above procedures is that the “beam index” interpretation of the SS/PBCH block index is used, which further motivates that SS/PBCH block index should be is defined as modulo(A,Q) as in Proposal 8.
As discussed in conjunction with Proposal 5, there are cases when there is no need to allow the SS/PBCH blocks to shift and thus no Q is configured to the UE. For those cases, we propose to define the SS/PBCH block index as in Rel-15.
[bookmark: _Toc24104654]If Q is not indicated to the UE, the SS/PBCH block index is defined as in Rel-15, i.e. equal to the candidate SS/PBCH block index (which is limited to the range 0 .. 7).
4 	ssb-PositionsInBurst
Rel-15 specifications makes heavy use of the parameter ssb-PositionsInBurst. In RAN1#98b the following agreement was made with regards to this important parameter:
Agreement:
The ssb-PositionsInBurst IE is configured as in Rel-15 NR
· FFS: Interpretation of the field for NR-U

Let’s first recap for which purposes ssb-PositionsInBurst is used in Rel-15. The uses can roughly be split in two categories:
1. Mapping of SSBs to reception/transmission opportunities of other signals and channels
a. SSB-to-RO (RACH occasions) (38.213 §8.1)
b. SSB-to-PDCCH monitoring occasions for other system information (38.331 §5.2.2.3.2)
c. SSB-to-PDCCH monitoring occasions for paging (38.304 §7.1)
2. Transmission/reception restrictions
a. UE procedure for receiving control information (38.213 §10)
b. PDSCH resource mapping (38.214 §5.1.4)
c. Invalidation of PRACH occasions (38.213 §8.1)
d. Suppression of UL transmissions (38.213 §11.1)
e. UE expectations on slot format (38.213 §11.1.1)
f. PUCCH repetition (38.213 §9.2.6)

4.1 Mapping of SSBs to reception/transmission opportunities of other signals and channels
First, we turn to the mapping cases 1) above, even if strictly speaking 1b and 1c are defined in RAN2 specifications. Common for all the three cases is that SS/PBCH indices with a corresponding one in the ssb-PositionsInBurst field are considered in the mapping. Also, for these cases, the “beam index” interpretation of the SS/PBCH block index is used.
SSB-to-RO (1a)
The procedure is basically described by the following paragraph in §8.1 in 38.213:
	SS/PBCH block indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped to valid PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Fourth, in increasing order of indexes for PRACH slots



[bookmark: _Toc24104670]If the SS/PBCH block index is defined as modulo(A,Q) as in Proposal 8, the “beam index” to PRACH occasion mapping is preserved without modifying the Rel-15 procedure.
[bookmark: _Hlk24021734]With this definition, the text “SS/PBCH block indexes provided by ssb-PositionsInBurst” in the above is to be interpreted as follows. For a particular set bit (bit = ‘1’) at position k in the ssb-PositionsInBurst bitmap, all candidate SS/PBCH block indices for which the SS/PBCH block index = mod(A,Q) = k are mapped to the same PRACH occasion/preamble. This procedure preserves the Rel-15 property that SS/PBCH blocks which are QCL’d with each other should map to the same PRACH occasion/preamble.
For example, consider a case for 30kHz SCS where Q=4 and the bitmap is 10100000. First of all, this means that candidate SS/PBCH blocks with index 0,4,8,12,16 are QCL’d with each other and all have SS/PBCH block index equal to 0. Further candidate SS/PBCH block index 2,6,10,14,18 are QCL’d with each other and all have the SS/PBCH block index equal to 2. Because the bitmask has set bits (bit = ‘1’) in positions 0 and 2 (numbering starting from 0), the first group of candidate SS/PBCH block indices (0,4,8,12,16) are mapped to the first valid PRACH occasion/preamble. Then the second group is mapped to the next, and then the first group again, and so on. 

SSB-to-PDCCH for OSI (1b)
The procedure is basically described by the following paragraph in §5.2.2.3.2in 38.331:
	The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes.




SSB-to-PDCCH for paging (1c)
The procedure is basically described by the following paragraph in §6 38.304:
	When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB.



Also for these procedures the SS/PBCH block index (alternatively SSB index) should be defined as modulo(A,Q). However, these procedures are defined by RAN2 and thus we propose to send an LS to RAN2 informing them of the SS/PBCH block definition for operation with shared channel access and asking them to modify the above procedures as they see fit.
[bookmark: _Toc24104655]Send an LS to RAN2 informing them of the SS/PBCH block index definition for operation with shared channel access and asking them to modify the procedures for SI message and paging reception appropriately.
4.2 Reception restrictions
Next, we turn to the reception restrictions cases of 2) above. For these cases the “beam index” interpretation of the Rel-15 SS/PBCH block index is not relevant, but rather it is the time location of the transmitted SS/PBCH block that matters.

UE procedure for receiving control information (2a)
The procedure is basically described by the following paragraph in §10 38.213:
	For monitoring of a PDCCH candidate in a slot
[bookmark: _Hlk493885951]-	If the UE has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.



The above clause basically says that the UE is not required to monitor PDCCH (except for Type0-PDCCH) if the corresponding REs collide with an SS/PBCH block. When the SS/PBCH blocks are allowed to shift within the DRS window, we still think it makes sense to retain the behavior that the UE is not required to monitor PDCCH for the set of candidate SS/PBCH block positions corresponding to ‘ones’ in ssb-PositionsInBurst. That is, the UE is only allowed to skip PDCCH monitoring in certain symbols in the beginning of the window. Other options would severely limit the gNBs ability to schedule the UE in the rest of the DRS transmission window.
The desired behavior is illustrated with the following example. For this example, we have used 30kHz SCS, a DRS transmission window of 5ms, Q=4 and ssb-PositionsInBurst equal to 10100000.
[image: ]

We note that to achieve this behavior when the SS/PBCH block index is defined as in Proposal 8, i.e. modulo(A,Q), the text above could for example be modified as:
	For monitoring of a PDCCH candidate in a slot
-	If the UE has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a candidate SS/PBCH block index provided by ssb-PositionsInBurst in SIB1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a candidate SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.



With this modification, the text “candidate SS/PBCH block index provided by ssb-PositionsInBurst” in the above is to be interpreted that ssb-PositionsInBurst can provide candidate SS/PBCH block indices only in the range 0 .. 7 (i.e., only within the length of the bitmap), and only corresponding to positions in the bitmap containing a ‘1.’
Note that the change is backwards compatible to Rel-15, because for Rel-15, a candidate SS/PBCH block index and a SS/PBCH block index are equivalent, and both only have values in the range 0 .. 7.
[bookmark: _Ref23927847][bookmark: _Toc24104656]For procedures related to reception or transmission restrictions, ssb-PositionsInBurst indicates candidate SS/PBCH block positions starting at 0 and ending at 7. For candidate SS/PBCH block positions index greater than or equal to 8, the UE assumes the corresponding candidate SS/PBCH block positions not be indicated (i.e. a zero is assumed).

[bookmark: _Hlk23788169]PDSCH resource mapping (2b)
The procedure is basically described by the following paragraph in §5.1.4 38.214:
	When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.
When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
A UE expects a configuration provided by ssb-PositionsInBurst in ServingCellConfigCommon to be same as a configuration provided by ssb-PositionsInBurst in SIB1.
When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS, the REs corresponding to the configured or dynamically indicated resources in Subclauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. 
A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.



Thus, to summarize in Rel-15 NR a UE uses a combination of ssb-PositionsInBurst and configured (semi-statically) and dynamically indicated reserved resources for determining which resources that are not available for PDSCH.
When the SS/PBCH blocks are allowed to shift in time, the above text becomes ambiguous. It is not clear what “the UE assumes SS/PBCH block transmissions according to ssb-PositionsInBurst” means.
We observe that the mechanism of dynamically and semi-statically indicating resources not available for PDSCH can be used as a rate matching mechanism for SS/PBCH Block(s) in the DRS transmission window. The Rel-15 mechanisms (configured in RateMatchPattern) are already very flexible with RB and symbol level bitmaps (resourceBlocks and symbolsInResourceBlock). In addition, periodicityAndPattern provides the possibility to configure a slot level repeating pattern, covering the DRS transmission window and slots in between. 
[bookmark: _Toc24104671]The Rel-15 mechanism of dynamically and semi-statically indicating resources not available for PDSCH can be used as a rate matching mechanism for SS/PBCH Block(s) in the DRS transmission window.

In accordance with Proposal 12, the UE would need to assume SS/PBCH block transmissions corresponding to candidate SS/PBCH block index in ssb-PositionsInBurst. The above text could for example be modified as
	When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.
When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to candidate SS/PBCH positions according to ssb-PositionsInBurst, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
A UE expects a configuration provided by ssb-PositionsInBurst in ServingCellConfigCommon to be same as a configuration provided by ssb-PositionsInBurst in SIB1.
When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS, the REs corresponding to the configured or dynamically indicated resources in Subclauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to candidate SS/PBCH positions according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. 
A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.



The UE will then rate match around SSBs in the beginning of the DRS window based on ssb-PositionsInBurst (i.e., up to a maximum of 7 candidate SS/PBCH block positions). During the rest of the DRS window, the UE will rate match around SSBs based only on dynamically and semi-statically indicated resources not available for PDSCH. It should be noted that in many cases rate matching PDSCH around SS/PBCH Block(s) are not possible anyway due to that resources in the slot are used to transmit e.g. SIB1. 
4.3 Transmission restrictions
In [8] we discuss modified rules for RRC configured UL transmissions in general (including controlling behavior in the DRS transmission window). Here we focus on rules related to ssb-PositionsInBurst, that is, cases 2cdef above.
In the DRS transmission window, the UE can expect (pending LBT outcome) the SSBs and the corresponding RMSI to be transmitted. To avoid the gNB and UE competing for transmission resources in this window, it is judged valuable to restrict configured UL transmissions (CUL) in the window, such as e.g. PRACH, SR, and CG transmissions. Such transmissions are given preconfigured transmission opportunities hence it might be difficult to avoid configuration in the DRS transmission window. Rather than modifying the configuration of such signals, it is proposed to specify new behavior such that the UE would simply avoid autonomous transmissions in the DRS transmission window.

Invalidation of PRACH occasions (2c)
In Rel-15 PRACH occasion validation is determined by the following text in 38.213 §8.1:
	

For unpaired spectrum, if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2.



We observe that for PRACH also IDLE/INACTIVE UEs' transmissions need to be suppressed. Because there are very limited signaling options for IDLE/INACTIVE UEs, we propose that for PRACH, a static rule invalidating all PRACH occasions in the DRS transmission window is added to 38.213. 
[bookmark: _Toc24104657][bookmark: _Hlk24102985]Any PRACH occasion that overlaps with the DRS transmission window (if DRS-WindowLength-r16 is configured) shall be considered invalid.
Note that this requires, as currently stated in the endorsed RRC parameter list [11], DRS-WindowLength-r16 to be signaled in ServingCellConfigCommon and ServingCellConfigCommonSIB

Suppression of UL transmissions (2d)
In Rel-15 UL transmissions are restricted by the following text in 38.213 §11.1:
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot that are indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot.



In accordance with Proposal 12, the UE need to assume SS/PBCH block transmissions corresponding to candidate SS/PBCH block index in ssb-PositionsInBurst. The above text could for example be modified as
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot that are indicated to a UE by candidate SS/PBCH positions according to ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot.



This will suppress UL transmissions in certain symbols in the beginning of the window. Note that further control of configured UL transmissions is discussed in [8].

UE expectations on slot format (2e)
Rel-15 in addition specifies the fowling rule in §11.1.1 38.213:
	For a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink.



Similar to case 2d above, the text needs to be modified when SSBs are allowed to shift in time. To be consistent with Proposal 12 the text can for example be modified as:
	For a set of symbols of a slot indicated to a UE by candidate SS/PBCH positions according to ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink.



This will allow dynamic control of configured UL transmissions as discussed in [8].

PUCCH repetition (2f)
The procedure is basically described by the following paragraph in §9.2.6 38.213:
	A SS/PBCH block symbol is a symbol indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon.

For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	an UL symbol, as described in Subclause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive UL symbols, as described in Subclause 11.1, or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4



In accordance with Proposal 12, the UE need to assume SS/PBCH block transmissions corresponding to candidate SS/PBCH block index in ssb-PositionsInBurst. The above text could for example be modified as

	A SS/PBCH block symbol is a symbol indicated to a UE by candidate SS/PBCH positions according to ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon.

For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	an UL symbol, as described in Subclause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive UL symbols, as described in Subclause 11.1, or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4



[bookmark: _Toc4685673][bookmark: _Toc4685710][bookmark: _Toc4685735][bookmark: _Toc4685766][bookmark: _Toc4688846][bookmark: _Toc4689175][bookmark: _Toc4689277][bookmark: _Toc4695103][bookmark: _Toc4745553][bookmark: _Toc4768127]5	Random access
[bookmark: _Hlk506545098]Support for RACH is relevant not only for the NR-U stand-alone scenario, but also for interworking (dual-connectivity) scenarios such as EN-DC.
In NR Rel-15, a mapping between transmitted SS/PBCH block(s) and a combination of ranges of preambles and random-access occasions (RO) is configured using ssb-perRACH-OccasionAndCBPreamblesPerSSB. This mapping is used for the UE to implicitly indicate to the gNB which SS/PBCH block that had the best reception conditions. 
[bookmark: _Hlk521334267]Fixed time relations between different signals/channels where LBT between the signals is required should not be assumed. If the mapping of SS/PBCH block index is done so that the UE indicates the best SS/PBCH block by transmitting Msg1 in a specific time domain RO it might happen that the UE cannot access the channel for that specific time occasion, thus it would have to delay Msg1 to the next matching time occasion. This would introduce unnecessary delays in the RACH procedure. Thus, it is beneficial if the mapping between transmitted SS/PBCH blocks and RO is done so that the best SS/PBCH block is not indicated by which time occasion the UE transmits Msg1 in, but rather by used frequency resource and/or preamble.
This can be achieved already in NR Rel-15 using appropriate configuration of ssb-perRACH-OccasionAndCBPreamblesPerSSB and msg1-FDM. For example, if 4 SS/PBCH blocks are transmitted, setting msg1-FDM equal to 4 and ssb-perRACH-Occasion to 1 or msg1-FDM equal to 2 and ssb-perRACH-Occasion to 2 will achieve time-independent mapping. Where the former would allow a maximum of 64 contention-based preambles per SS/PBCH block and the latter 32. Note that this assumes that the UE uses the beam index (according to the agreed QCL relation among SS/PBCH blocks) in the selection of PRACH occasion for preamble transmission. 
[bookmark: _Toc528677245][bookmark: _Ref528856309][bookmark: _Toc24104672]Rel-15 NR already supports configurations so that the mapping of transmitted SS/PBCH blocks to RACH occasions is robust to LBT failures.
According to the NR-U TR [1][2] Section 7.2.1.3.2, several potential RACH enhancements beyond the functionality supported in Rel-15 have been identified for further study:
For potential RACH resource enhancements, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15, but consensus was not achieved. These options may be further considered when specifications are developed:
-	Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
-	Time-domain enhancements:
-	For connected mode UE, scheduling of PRACH resources via DCI. 
-	Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI
-	For idle mode UE, scheduling of PRACH resources via paging
-	Note: potential inefficiency in network resource due to paging across multiple cells
-	Additional, new RACH resources are used immediately following detection of DRS transmission
-	Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
-	Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
-	Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Based on the guidance provided by RAN on essential functionality for NR-U [3], the greyed-out items in the above list have been down-prioritized, hence we do not consider them here.
Out of the remaining items, the first listed enhancement is scheduling of PRACH resources via DCI. This is, however, a potential latency optimization, and our view is that it is not critical for Rel-16. It can instead be considered for a later release in a backwards-compatible manner.
[bookmark: _Toc528677247][bookmark: _Toc24104673]Scheduling of PRACH resources via DCI is an optimization and is not critical for the first release of NR-U. It can be considered for a later release in a backwards-compatible manner.
[bookmark: _Toc528677262][bookmark: _Toc24104658]Scheduling of PRACH resources via DCI should not be supported in Rel-16.
The third remaining enhancement is group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain. The motivation is to provide multiple transmit opportunities in time domain for a PRACH transmission. However, multiple PRACH transmit opportunities can be obtained already in Rel-15 based on cyclic repetition of the SSB-to-RO mapping. See example and further discussion above in conjunction with Observation 6.
[bookmark: _Hlk528835493][bookmark: _Toc24104674]Mappings similar to group-wise SSB-to-RO mapping is already supported in NR Rel-15.  
[bookmark: _Hlk4589346]5.1 Msg3 transmission and RAR
Multiple Msg TX opportunities with a single or multiple RARs in the time domain has been discussed both in RAN1 and RAN2. However, in RAN#84 this was listed as an optimization [3]:
Optimizations
· MSG3
· Multiple opportunities (RAN2 sent an LS to RAN1 for feasibility) can impact MAC.

[bookmark: _Toc24104675]Multiple Msg3 TX opportunities with a single or multiple RARs in the time domain was deprioritized in RAN#84.
In addition, in RAN1#97 the following agreement which facilitates gNB channel occupancy sharing with a UE for Msg3 was made and an LS response was sent to RAN2:
Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR
The LS response triggered some discussion in RAN2 regarding the details on how the LBT category is provided in the RAR. Especially the issue of if the size of the RAR will change when including the LBT category was discussed.
In our companion paper [7] we discuss that is better to have a generic signaling solution which is applicable to cases where uplink control signaling is triggered within a shared COT acquired by the gNB. Therefore, DL DCI should also include an LBT type field that corresponds to the triggered UL transmission. In [7] the following proposal is made which is repeated here:
[bookmark: _Ref23933571][bookmark: _Toc24104659]The LBT indication corresponding to the UL control signal is signaled in the DCI triggering the UL control signal transmission. The LBT indication is included in: 
-	DCI format 1_0 scrambled with RA-RNTI carrying the DL assignments for reception of the RAR messages (Msg2). The LBT type is applicable to Msg 3 transmission 
- 	DCI format 1_0 and 1_1 scrambled with C-RNTI carrying the DL assignments. The LBT type is applicable to the UL control signal transmission triggered by the DCI.
Given that the LBT category is provided in the DCI, there is no need for RAN2 to further discuss this matter. Thus, we propose the following:
[bookmark: _Toc24104660]Inform RAN2 that the LBT category for msg 3 transmission is provided to the UE in the DCI carrying DL assignments for the RAR messages and that no further action is required by RAN2 on this matter.
5.2 LS on SFN LSB indication in msg2/msgB
RAN2#107bis has further discussed the signaling of SFN LSB and agreed on the following:
[bookmark: _GoBack]
Agreements:
-	From RAN2 point of view it is beneficial to include LSB of SFN in the DCI.  The same design is desirable to be used for 2-step RACH.   Write LS to RAN1 to ask if there is any feasibility issues.  
-	For NR-U, 2 bits are enough for a maximum of 40ms response windows.  
-	Multiplexing of responses for more than one SFN is not allowed.

The RAN2 agreement on including the 2 LSBs of SFN in DCI was based on the assumption that the reserved bits available in the DCI addressed to RA-RNTI for msg2 transmission can be used for this purpose. In addition, RAN2 assumed that the DCI for msgB scheduling in 2-step RACH can also support this and this is the desirable option per the above agreements.  
Now RAN2 asks RAN1 to provide feedback on the inclusion of 2 LSBs of SFN in DCI used for scheduling of msg2 in 4-step RACH and msgB in 2-step RACH on the unlicensed carrier.
Looking in §7.3.1.2.1 in 38.212 below, we observe that in Rel-15 there are 16 reserved bits in DCI format 1_0 with CRC scrambled with RA-RNTI:

	The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by RA-RNTI:
-	Frequency domain resource assignment – bits
-	 is the size of CORESET 0 if CORESET 0 is configured for the cell and  is the size of initial DL bandwidth part if CORESET 0 is not configured for the cell
-	Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.1.2-33
-	Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	TB scaling – 2 bits as defined in Subclause 5.1.3.2 of [6, TS38.214]
-	Reserved bits – 16 bits




Even after taking Proposal 15 into account, there will be enough reserved bits available to accommodate RAN2’s request of adding 2 bits for signaling the LSBs of the SFN. Thus, we make the following proposal:
[bookmark: _Toc24104661]2 LSBs of SFN are included in DCI format 1_0 with CRC scrambled with RA-RNTI carrying the DL assignments for reception of the RAR messages (Msg2)
Even if the details of how MsgB is scheduled are not completely settled yet [13], we expect that there will be bits available and thus the same approach can be used for MsgB as for Msg2.
[bookmark: _Toc24104676]Even if all details of how to schedule MsgB are not completely settled yet, we expect that the same approach as for Msg2 can be used for MsgB.
 
6	RRM and RLM
6.1	Potential Modifications to the Rel-15 SMTC
One remaining open item in the RRM area relates if any modifications of the Rel-15 NR SMTC window are needed:
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum

In NR-Rel-15, an SMTC window for the purposes of RRM measurements is configured through the following SSB-MTC Information Element:
SSB-MTC ::=                             SEQUENCE {
    periodicityAndOffset                    CHOICE {
        sf5                                 INTEGER (0..4),
        sf10                                    INTEGER (0..9),
        sf20                                    INTEGER (0..19),
        sf40                                    INTEGER (0..39),
        sf80                                    INTEGER (0..79),
        sf160                               INTEGER (0..159)
    },
    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}
Evidently, the periodicity and offset are configurable with periodicities ranging from 5 ms to 160 ms, and the duration field is configurable in a range of 1 ms to 5 ms. 
In RAN1#96b it was agreed that the DRS transmission window is 5 ms. Given that, and that the SSB-MTC Information Element is already available, we think it is best to reuse it “as-is” for RRM measurements based on SS/PBCH. Adding a new information element would affect a number of other IEs such as e.g. intraFreqCellReselectionInfo, InterFreqCarrierFreqInfo and MeasObjectNR. In addition, it would affect the gap configurations in RAN4. Thus, we make the following proposal:
[bookmark: _Toc24104662]The Rel-15 SMTC window can be used “as is,” for configuring RRM measurement windows even when the SS/PBCH blocks shift in time due to LBT failures.
6.2	RSSI and Channel Occupancy reporting
In RAN1#98b it the following was agreed with respect to the RSSI measurement timing configuration:
Agreement:
· The RSSI measurement timing configuration (RMTC) includes the following:
· Time-domain parameters: 
· Periodicity (e.g., 40/80/160/320/640 ms) 
· Measurement duration in terms of OFDM symbols with a configured reference subcarrier spacing
· Offset of RMTC measurement duration
· Frequency-domain parameters:
· Measurement bandwidth at least in units of LBT bandwidths
· FFS: Units other than LBT bandwidths
· Note: RAN4 can determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signaled measurement bandwidth. 
· Measurement ARFCN for inter-frequency measurements
· Configurable L3 filtering as in RSSI for LTE-LAA


One thing that needs further clarification is the relation between the configured ARFCN and the configured measurement bandwidth, especially so, for intra-frequency measurements where the ARFCN is not provided according to the above agreement. This is especially important when the active bandwidth part is wider than the LBT bandwidth. To clarify this, we propose to extend the above agreement as follows
[bookmark: _Toc24104663]Measurement ARFCN is provided also for intra-frequency measurements and the provided ARFCN (for both intra- and inter-frequency) is located in the middle of the measurement bandwidth. 
The above agreement as has an FSS on “units other than LBT bandwidths”. In our view, units of LBT bandwidths are sufficient, but care must be taken to get a generic definition of the term to avoid any forward compatibility issues, e.g. when regulation for the 6 GHz band is settled.
[bookmark: _Toc24104664]No other measurement bandwidth units (apart from units of “LBT bandwidths”) are necessary.
[bookmark: _Hlk16601700]In addition, the NR_CLI_RIM WI has agreed on a RSSI measurement reporting referred to as CLI-RSSI [4][5]. Whether to merge the two RSSI definitions introduced in Rel-16 into a common one is something we think is best discussed in RAN2. Thus, we point to our RAN2 paper [10] for this discussion. 
6.3	RLM/RLF
In Rel-15, an RRC_CONNECTED UE in NR is provided with up to X configurable and frequency-dependent reference signals that can be used for radio link monitoring (RLM). Both SS/PBCH block and CSI-RS can be used as RLM reference signals. The RLM-RS(s) can be explicitly configured to the UE. If they are not explicitly configured, then the UE uses the (periodic) CSI-RS contained in the TCI state that indicates the QCL source for PDCCH.
Hypothetical block error rate (BLER) is used to determine in-sync (IS) or out-of-sync (OOS) conditions for either of the reference signal types (SS/PBCH block or CSI-RS). A UE assumes to be IS, if the hypothetical BLER estimated on at least one out of the X configured RLM reference signals is below a configurable threshold. On the other hand, the UE assumes to be OOS, if the hypothetical BLER estimated on all configured RLM reference signals is above yet another configurable threshold.
Upon reception of enough OOS indications, the UE starts a timer, denoted by T310. If the radio link problem is not resolved upon T310 expiry, the UE declares radio link failure (RLF). Moreover, a failure in random access and/or RLC failure can also result in RLF. After the UE declares an RLF, it attempts an RRC Connection Re-establishment by trying to find a suitable cell. If that process is not successful within a certain time, the UE will enter RRC_IDLE state.
[bookmark: _Toc509834929]The intention of the RLM/RLF procedures is to prevent the UE from becoming unreachable by the network. Since hypothetical BLER estimation is performed on each RLM resource to indicate in-sync (IS) or out-of-sync (OOS), we need to consider how this should be reflected when an RLM reference signal is not transmitted due to LBT. 

In the agreement from RAN1#96 in Section 3.2, the following FFS item is identified:
· FFS: Mechanism to handle missing RLM-RS due to LBT failure

An inherent problem for the UE is to reliably distinguish between missing RLM-RS transmissions and not detecting the RLM-RS due to low SINR. Another aspect is whether missing RLM-RS transmissions require explicit notification to the higher layer for specific actions.
Our view is that the UE should tolerate a certain amount of RLM-RS detection failures (by prolonging the in-synch and out-of-synch evaluation periods by Lin and Lout which is the number of missing SS/PBCH blocks during the evaluation periods) but at some limit, declare RLF. The limits of Lin and Lout are for RAN4 to decide. This is discussed in more detail in [6]. 
[bookmark: _Toc536818437][bookmark: _Toc536818442][bookmark: _Toc536818446][bookmark: _Toc784836][bookmark: _Toc1030898][bookmark: _Toc24104665]Mechanism to handle missing RLM-RS is up to RAN4 to decide. 
[bookmark: _Toc7694100][bookmark: _Toc7694101][bookmark: _Toc7694102]In the agreement from RAN1#96 in Section 3.2, the following FFS item is identified:
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.

Compared to Rel-15, NR-U operation will likely have fewer SS/PBCH block transmissions due to LBT failures and/or longer configured SS/PBCH block periods. As proposed in our companion contribution [2], we don’t see a benefit of periodic CSI-RS for tracking (periodic TRS) in unlicensed systems. Use of aperiodic TRS, and aperiodic CSI-RS in general, is a more natural fit for unlicensed operation. For RLM, it makes sense that the UE could make use of aperiodic CSI-RS when triggered. Furthermore, the aperiodic CSI-RS would most likely be triggered inside a gNB acquired COT, which has no relationship to the DRS transmission window. Hence, the UE could be able to make use of ap-CSI-RS for RLM outside the DRS transmission window when needed. Increasing the number of samples used in RLM algorithms will invariably increase the measurement accuracy. That said, we propose to focus RAN1’s efforts on SS/PBCH block based RLM before discussing mechanisms for including additional detected RLM-RS (such as aperiodic CSI-RS) in the evaluation.
[bookmark: _Toc24104666]Focus RAN1’s efforts on SS/PBCH block based RLM before discussing mechanisms for including additional detected RLM-RS (such as aperiodic CSI-RS) in the evaluation.
[bookmark: _Toc4689284][bookmark: _Toc4695110][bookmark: _Toc4685681][bookmark: _Toc4685718][bookmark: _Toc4685743][bookmark: _Toc4685774][bookmark: _Toc4688854][bookmark: _Toc4689183][bookmark: _Toc4689285][bookmark: _Toc4695111][bookmark: _Toc4685682][bookmark: _Toc4685719][bookmark: _Toc4685744][bookmark: _Toc4685775][bookmark: _Toc4688855][bookmark: _Toc4689184][bookmark: _Toc4689286][bookmark: _Toc4695112]7	Conclusion
In the previous sections we made the following observations: 
Observation 1	Q is strictly only needed after SIB1 has been read.
Observation 2	For the vast majority of use cases, when the UE is required to monitor Type0-PDCCH CSS, Q is known, and thus signaling Q in MIB is not motivated.
Observation 3	In order to define a new MIB to carry the parameter Q, 3 bits (not 2) must be found to be not necessary in the current MIB.
Observation 4	If the SS/PBCH block index is defined as modulo(A,Q) as in Proposal 8, the “beam index” to PRACH occasion mapping is preserved without modifying the Rel-15 procedure.
Observation 5	The Rel-15 mechanism of dynamically and semi-statically indicating resources not available for PDSCH can be used as a rate matching mechanism for SS/PBCH Block(s) in the DRS transmission window.
Observation 6	Rel-15 NR already supports configurations so that the mapping of transmitted SS/PBCH blocks to RACH occasions is robust to LBT failures.
Observation 7	Scheduling of PRACH resources via DCI is an optimization and is not critical for the first release of NR-U. It can be considered for a later release in a backwards-compatible manner.
Observation 8	Mappings similar to group-wise SSB-to-RO mapping is already supported in NR Rel-15.
Observation 9	Multiple Msg3 TX opportunities with a single or multiple RARs in the time domain was deprioritized in RAN#84.
Observation 10	Even if all details of how to schedule MsgB are not completely settled yet, we expect that the same approach as for Msg2 can be used for MsgB.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In order not to limit deployment scenarios and to enable release-independent addition of new bands (6 GHz), the number of bits in the parameter pdcch-ConfigSIB1 in MIB should not be changed from its current value of 8.
Proposal 2	Support signaling of Q for the serving cell in SIB1 (ServingCellConfigCommonSIB).
Proposal 3	Support dedicated signaling of Q for a serving cell in ServingCellConfigCommon
Proposal 4	Extend the agreement from RAN1#98b on how Q is signaled for RRM measurements for neighbor cells to also include serving cells.
Proposal 5	The absence of Q is indicative of that the UE shall apply the Rel-15 method of QCL and timing determination where SS/PBCH blocks do not shift in time. For neighbor cell RRM measurements, the absence of Q in SIB2/SIB4/MeasObjectNR is used as indication.
Proposal 6	If Q is unknown to the UE, the UE should monitor every allowed Type0 PDCCH CSS monitoring occasion (in the DRS transmission window) that could be (Q unknown) associated with the SS/PBCH block from which the UE determined that a CORESET for Type0-PDCCH CSS set is present.
Proposal 7	For initial access, the UE assumes a default DRS transmission window duration of 5 ms.
Proposal 8	RAN1 to agree on the following terminology to be used consistently across RAN1 (and RAN2/RAN4) specifications for operation with shared spectrum channel access: - Candidate SS/PBCH block index as previously agreed in RAN1 - SS/PBCH block index = modulo(A, Q)
Proposal 9	For operation with shared spectrum channel access,  is equal to 8 when operating in 5 GHz and 6 GHz bands.
Proposal 10	If Q is not indicated to the UE, the SS/PBCH block index is defined as in Rel-15, i.e. equal to the candidate SS/PBCH block index (which is limited to the range 0 .. 7).
Proposal 11	Send an LS to RAN2 informing them of the SS/PBCH block index definition for operation with shared channel access and asking them to modify the procedures for SI message and paging reception appropriately.
Proposal 12	For procedures related to reception or transmission restrictions, ssb-PositionsInBurst indicates candidate SS/PBCH block positions starting at 0 and ending at 7. For candidate SS/PBCH block positions index greater than or equal to 8, the UE assumes the corresponding candidate SS/PBCH block positions not be indicated (i.e. a zero is assumed).
Proposal 13	Any PRACH occasion that overlaps with the DRS transmission window (if DRS-WindowLength-r16 is configured) shall be considered invalid.
Proposal 14	Scheduling of PRACH resources via DCI should not be supported in Rel-16.
Proposal 15	The LBT indication corresponding to the UL control signal is signaled in the DCI triggering the UL control signal transmission. The LBT indication is included in:  - DCI format 1_0 scrambled with RA-RNTI carrying the DL assignments for reception of the RAR messages (Msg2). The LBT type is applicable to Msg 3 transmission  -  DCI format 1_0 and 1_1 scrambled with C-RNTI carrying the DL assignments. The LBT type is applicable to the UL control signal transmission triggered by the DCI.
Proposal 16	Inform RAN2 that the LBT category for msg 3 transmission is provided to the UE in the DCI carrying DL assignments for the RAR messages and that no further action is required by RAN2 on this matter.
Proposal 17	2 LSBs of SFN are included in DCI format 1_0 with CRC scrambled with RA-RNTI carrying the DL assignments for reception of the RAR messages (Msg2)
Proposal 18	The Rel-15 SMTC window can be used “as is,” for configuring RRM measurement windows even when the SS/PBCH blocks shift in time due to LBT failures.
Proposal 19	Measurement ARFCN is provided also for intra-frequency measurements and the provided ARFCN (for both intra- and inter-frequency) is located in the middle of the measurement bandwidth.
Proposal 20	No other measurement bandwidth units (apart from units of “LBT bandwidths”) are necessary.
Proposal 21	Mechanism to handle missing RLM-RS is up to RAN4 to decide.
Proposal 22	Focus RAN1’s efforts on SS/PBCH block based RLM before discussing mechanisms for including additional detected RLM-RS (such as aperiodic CSI-RS) in the evaluation.
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