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1. Introduction
During RAN Plenary #82 meeting the TR related to the Study on NR-Based Access to Unlicensed Spectrum [1] has been approved. In the same meeting a new WID related to NR-Based Access to Unlicensed Spectrum has been approved (latest update [2]), starting the Specifications phase for Release 16.
In this contribution, we discuss details of initial access and mobility related physical layer procedures for NR-U. We consider the following procedures:
· DRS Transmission
· Random Access
· RRM and RLM
Note: this contribution follows the RAN Plenary #84 meeting guidance for NR-U prioritization [10], i.e. unless indicated (and justified) otherwise functionalities listed as “optimization” – or not listed but considered as “non-essential” - are not addressed for this meeting.
2. DRS Transmission
The NR-U WID [2] lists the following within the physical layer procedure(s) to be specified: 
	Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)



In RAN1#98 the following agreements were made related to both serving cell timing and QCL determination:
	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.

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:
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:
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)




In RAN1#98bis the following agreements were made:
	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

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.

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.

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  
Agreement
The ssb-PositionsInBurst IE is configured as in Rel-15 NR
· FFS: Interpretation of the field for NR-U



2.1 DMRS sequence index vs SSB candidate position index vs slot mapping

With respect to the following RAN1#98 agreement:
· The 3 LSB bits of the SSB candidate position index are represented by the PBCH DMRS sequence index.

We observe that as a consequence of this agreement the DMRS sequence index vs SSB Candidate Position index vs Slot mapping is the same for both 1 SSB/slot and 2 SSB/slot cases, see Figure 1 below:
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Figure 1: DMRS sequence index vs SSB Candidate Position index vs Slot mapping
As a consequence for the 1 SSB/slot case since no SSB is transmitted by the gNB in the second half slot the gNB may transmit up to 4 different DMRS sequence indexes, see Figure 2 below:
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Figure 2: DMRS sequence indexes for the 1 SSB/slot case
Observation 1: for the 1 SSB/slot case the gNB may transmit up to 4 different DMRS sequence indexes. The gNB should use the 2 SSb/slot pattern in the case Q = 8 and the gNB wants to transmit more than 4 beams.
Proposal 1: RAN1 to discuss and confirm the above observation.

2.2 Q signalling in MIB for the serving cell
With respect to the following RAN1#98bis 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.

From previous proposals and discussions in RAN1 #98bis meeting the following options are available to find the two “unnecessary bits” needed to indicate Q in the MIB for a serving cell:
· Using the subCarrierSpacingCommon field (1 bit): as both SSB and CORESET #0 always share the same SCS (RAN1 #96 agreement) such field becomes unnecessary for NR-U.
· Using the pdcch-ConfigSIB1/controlResourceSetZero subfield (4 bits). As:
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS (RAN1#96 agreement), and,
· Only CORESET #0 lengths of 1 and 2 symbols are supported for NR-U (RAN1#96bis agreement)
some indexes become unnecessary for NR-U.
· Using the pdcch-ConfigSIB1/searchSpaceZero subfield (4 bits): it has been observed by some Companies that the full flexibility provided by [6], table 13-11 should not be needed for NR-U, some indexes may therefore become unnecessary for NR-U (to be further discussed).
· Using the “spare bit” (1 bit).

Observation 2: the subCarrierSpacingCommon field becomes unnecessary for NR-U and could be therefore used to signal Q.

Related to the pdcch-ConfigSIB1/controlResourceSetZero subfield the relevant NR Rel-15 tables to be taken as a baseline are as follows ([6], section 13):

Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



Table 13-4: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and control resource set multiplexing pattern 
	
[bookmark: _Hlk14354021]Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	1

	2
	1 
	24
	2
	2

	3
	1 
	24
	2
	3

	4
	1 
	24
	2
	4

	5
	1 
	24
	3
	0

	6
	1 
	24
	3
	1

	7
	1 
	24
	3
	2

	8
	1 
	24
	3
	3

	9
	1 
	24
	3
	4

	10
	1 
	48
	1
	12

	11
	1 
	48
	1
	14

	12
	1 
	48
	1
	16

	13
	1 
	48
	2
	12

	14
	1 
	48
	2
	14

	15
	1 
	48
	2
	16



Taking into account the two previous agreements reminded above we have the following observations:

Observation 3: related to pdcch-ConfigSIB1/controlResourceSetZero MIB subfield:
· At most 2 configurations are relevant for the SCS = 15 kHz case (96 RBs).
· At most 6 configurations are relevant for the SCS = 30 kHz case (48 RBs).



Observation 4: for SCS = 30 kHz and assuming same  and , the 3 corresponding configurations only differ by their “Offset (RBs)” value.

The “Offset (RBs)” values to be used for NR-U are linked with the sync raster locations, to be eventually decided by RAN4. On the other hand it is our understanding that for each SCS two offset values are relevant for NR-U (see our companion contribution [5]); we have then the following observation and proposal:

Observation 5: the pdcch-ConfigSIB1/controlResourceSetZero subfield can be reduced to 2 bits for NR-U, with 4 indexes corresponding to 1 and 2 CORESET symbols and  two “Offset (RBs)” values per CORESET symbols value, the remaining indexes being therefore “unnecessary” for NR-U.

According to the above observation the 2 remaining bits become available within the PBCH MIB (pdcch-ConfigSIB1/controlResourceSetZero subfield); our proposal is to use them to carry Q.

Proposal 2: Q is carried via the PBCH MIB using the 2 unnecessary bits from the pdcch-ConfigSIB1/controlResourceSetZero subfield.

Note: the current draft version of the 38.213 CR for NR-U proposes to update both the above 13-1 and 13-4 tables using 2 indexes for each, i.e. assuming a single “Offset (RBs)” value.

2.3 ssb-positionsInBurst IE interpretation
Related to the last FFS (RAN1 #98bis agreements): for NR Rel-15 the ssb-positionsInBurst IE provides within the RMSI the SSBs actually transmitted by the gNB related to their SSB index – see [6] subclause 4.1 and [9].
In our understanding such interpretation should be kept for NR-U, provided that SSB index #0 within ssb-positionsInBurst corresponds to the Candidate position of the first SSB actually transmitted by the gNB and so on, i.e., SSB index k within ssb-positionsInBurst = SSB Candidate position index – SSB candidate position index for the first SSB actually transmitted, with 0 ≤ k ≤ 7.

Observation 6: SSB index k within ssb-positionsInBurst = SSB Candidate position index – SSB candidate position index for the first SSB actually transmitted, with 0 ≤ k ≤ 7.

With such interpretation the ssb-positionsInBurst IE content is linked with:
· The LBT Category used by the gNB to transmit the DRS (CAT2 or CAT4).
· The SCS (15 or 30 kHz) when CAT2 LBT is used by the gNB.
· The 2 SSB/slot vs 1 SSB/slot pattern used by the gNB.

As an example the Figure 3 below provides for the 2 SSB/slot case the ssb-positionsInBurst IE content when CAT 2 LBT is used by the gNB, SCS = 30 kHz:

[image: ]
Figure 3: ssb-positionsInBurst (2 SSB/slot case)

For the 1 SSB/slot case non-transmitted SSBs corresponding to the second half slot shall be marked as “0” within the ssb-positionsInBurst IE.

Observation 7: for the 1 SSB/slot case non-transmitted SSBs corresponding to the second half slot shall be marked as “0” within the ssb-positionsInBurst IE.

As an example the Figure 4 below provides for the 1 SSB/slot case the ssb-positionsInBurst IE content when CAT 2 LBT is used by the gNB, SCS = 30 kHz:

[image: ]
Figure 4: ssb-positionsInBurst (1 SSB/slot case)

We have therefore the following proposal:

Proposal 3: as for NR Rel-15 the ssb-positionsInBurst IE provides the bitmap of the SSBs actually transmitted by the gNB, with:
· SSB index k within ssb-positionsInBurst = SSB Candidate position index – SSB candidate position index for the first SSB actually transmitted, with 0 ≤ k ≤ 7.
· For the 1 SSB/slot case non-transmitted SSBs corresponding to the second half slot shall be marked as “0” within the ssb-positionsInBurst IE.


2.4 On DRS Transmission in Wideband
Wideband operation in Rel-15 is illustrated on an example in Figure 5 where there are multiple SSBs (both cell defining CD-SSBs and non-cell defining NCD-SSBs) in wideband network carrier. In the figure there are two cell-defining SSBs which identify two serving PCells that may have overlapping DL BWPs in frequency domain. From the UE perspective, each Pcell is associated to at most a single SSB. Further, there are two NCD-SSBs also on the same carrier, e.g. for two serving Scells of some UE. These NCD-SSBs indicate (for initial access of a UE) where the UE may find the cell defining SSB. RRM measurements based on both CD and NCD-SSBs can be configured, i.e. on all SSB1, SSB2, SSB3 and SSB4.
Observation 8: For synch purposes, a serving cell is associated with one and only SSB (in frequency domain).

[image: ]
Figure 5: Rel-15 wideband operation with multiple SSBs (both cell defining and non-cell defining SSBs).
In NR-U, operating single SSB (in frequency domain) for a DRS of a serving cell, it may quite frequently occur that periodic DRS transmission is due on RB-set #X while gNB has acquired a COT for other RB-set #Y few slots ahead. Typically, a gNB cannot perform LBT on one RB-set while transmitting on other RB-sets. Stopping DL transmission to perform LBT for RB-set #X is not desirable, because there is no guarantee that LBT on RB-set #X will be successful, and at the same time the gNB may lose the right to transmit on RB-set #Y
Observation 9: When operating WB carrier with multiple RB-sets, the DRS of a serving cell may be due on the RB-set #X while gNB transmits DL COT on RB-sets other than RB-set #X. 
In NR-U, each RB-set comprises one on-synch position for SSB. Therefore, if a BWP comprised multiple RB-sets of a carrier, a UE may expect SSB to be transmitted on one of secondary RB-sets, if the cell-defining SSB on primary sub-band is indicated as not available during the DRS window. UE shall not acquire MIB or RMSI from a secondary RB-set.  
Proposal 4: UE may expect SSB to be transmitted on one of secondary RB-sets, if the cell-defining SSB in primary sub-band is not indicated as available during the DRS window.
· UE shall not acquire MIB or RMSI on a secondary RB-set.  
	
3. Random Access
The NR-U WID [2] lists the following within the physical layer procedure(s) to be specified:
	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1)



In this contribution we discuss two possible ways to alleviate the impact of LBT failures upon the Random Access procedure:
- Increase of Msg1/MsgA transmission opportunities
- Reduction of contention failures
In addition we also provide our views about the RAN2 LS related to SFN LSB indication in msg2 message [4].
3.1 Increase of Msg1/MsgA transmission opportunities
Following the approval during RAN Plenary #82 of a new WID related to 2-step RACH in NR (latest update [3]) and except for the topics mentioned on top of section 3, the 2-step RACH design is out of the scope of the NR-U WID. Hence, the proposals/observations in this section assume 4-step RACH as a baseline but are in principle also applicable to 2-step RACH as far as MsgA transmission is concerned.

To increase Msg1/MsgA transmission opportunities, several options were identified in [1], as listed within subclause 7.2.1.3.2. In the subsequent we discuss further the considered options.

1) Option 1.a. - Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA:
	
Multiple PRACH resources in frequency domain spread across multiple 20 MHz sub-bands can provide robustness against LBT failures. Therefore, an efficient way to increase the transmission opportunities of Msg1/MsgA is to allow the configuration of PRACH resources on multiple 20 MHz sub-bands. The UE can select the PRACH resources to be used for transmission of Msg1/MsgA also based on the outcome of separate Listen-Before-Talk (LBT) procedures performed on different 20 MHz sub-bands. Such diversity in the carrier/frequency domain can improve the robustness of the random-access procedure in unlicensed spectrum.

It is assumed here that a UE is able to transmit on a single BWP, hence “sub-band” stands here for “20 MHz part of a BWP”.

Configured PRACH resources
Used PRACH resources
LBT failure
Successful LBT
20 MHz
or
Initial /
Active
BWP (up to 4 sub-bands) 

Figure 6: Frequency/carrier diversity for transmission Msg1/MsgA in NR-U RA procedure

Proposal 5: Support multiple PRACH resources in frequency domain spread across multiple 20 MHz sub-bands.

This proposal is applicable when the BWP corresponds to at least two sub-bands, otherwise a single LBT procedure is performed. On the other hand this proposal is also applicable for UEs which do not support a bandwidth > 20 MHz; in such a case the UE would not be able to perform simultaneous LBT procedures but it may select any of the available sub-bands and perform LBT on the selected sub-band.

Observation 10: Such proposal is applicable when the BWP corresponds to at least two sub-bands and also for UEs which do not support a bandwidth > 20 MHz. In such a case the UE would not able to perform simultaneous LBT on multiple sub-bands but it may select any of the available sub-bands and perform LBT on the selected sub-band.	

The gNB listens for the preamble transmission on all configured resources. Once it detects a RACH preamble on a given sub-band, it sends Msg2 on the same sub-band; it is assumed as a baseline that the UE performs the complete random access procedure in one sub-band at a time, i.e. the sub-band actually used for Msg1/MsgA transmission.

Proposal 6: After the UE has selected one sub-band for transmission of Msg1/MsgA, the RA procedure is completed on the same sub-band.
2) Option 2.a. - For connected mode UE, scheduling of PRACH resources via DCI: 
i. Triggered PRACH within TXOP can use a new resource

Option 2.a. is an efficient mechanism to provide robustness against LBT failures. That can be supported e.g. by allowing PRACH resources being multiplexed in UL portion of a shared COT acquired by the gNB. A group-common PDCCH can be used to schedule PRACH resources within the COT, similar to the PDCCH ordered PRACH feature for NR Rel-15. It may be seen beneficial to enable this option for idle mode UEs as well but the negative impacts upon the UE power consumption related to GC-PDCCH monitoring may be seen as an issue. 

Proposal 7: Support PRACH resources being multiplexed in a flexible manner in UL portion of a shared COT acquired by the gNB for connected mode UEs.

3) Option 2.b. - For idle mode UE, scheduling of PRACH resources via paging
i. 	Note: potential inefficiency in network resource due to paging across multiple cells
It’s unclear what would be benefit from option 2.b. compared to regular RMSI based RACH resource allocation in idle mode. Furthermore, as paging is transmitted across multiple cells the overhead would be potentially significant. In particular the following should be clarified:
- Is it the intention to schedule PRACH resources via every paging message ? 
Or is there any additional indication needed ?
- For a paging message via which PRACH resources need to be scheduled, is it the intention to schedule PRACH resources immediately after the PDSCH carrying the paging message ?
Observation 11: Benefits from 2.b. in idle mode are not clear and should be anyway balanced with the drawbacks indicated in the above note. 
4) Option 2.c. - Additional, new RACH resources are used immediately following detection of DRS transmission
DRS is expected to have CORESET for PDCCH and thus PDCCH (e.g. GC-PDCCH) can be used to schedule PRACH resources after DRS which is actually covered by option 2.a.

Observation 12: Option 2.c. is covered in option 2.a.

Proposal 8: Support option 2.c. as a particular case of option 2.a.

5) Option 2.d. - Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE

Allowing UE to transmit multiple Msg1 before end of the RAR window was discussed already quite extensively during Rel-15 NR SI/WI phases. Motivation was mainly a latency reduction for a UE without beam correspondence but was not agreed because of added interference (uncontrolled interference) and load, and that UE beam correspondence capability is transparent in random access procedure. In NR-U we don’t see motivation to introduce possibility to transmit multiple Msg1 before end of RAR window. What is needed is to provide UE with multiple Msg1 transmission opportunities, which provides robustness against LBT, i.e. option 2.d. is not NR-U specific issue. Furthermore, for RAR robustness against LBT, extended RAR window is considered to be enough.

Proposal 9: Do not support multiple Msg1 transmissions from a UE before end of RAR window.

6) Option 2.e. - Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
Rel-15 NR baseline supports multiple ROs per SSB in both frequency and time domains. Furthermore, an association period, starting from frame 0, for mapping SSBs to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 in [6] such that SSBs are mapped at least once to the ROs within the association period.

Related agreement from RAN1#AH1801:
· For the cyclic mapping of association between ROs and all the actually transmitted SS/PBCH blocks, if there are leftover ROs after an integer number of cycles within the defined period, no SS/PBCH blocks are mapped to these leftover ROs 

Within an association period there are multiple full cycles for mapping SSBs to ROs. Effectively, with the existing standard the same effect that option 2.e. targets can be achieved by mapping multiple SSBs to 1 RO. The standard allows up to 16 SSBs to be mapped to one RO. For instance, let’s assume that there are 32 actually transmitted SSBs, with a PRACH configuration that has 8 ROs within one PRACH configuration period (as an example). In this case,

ROs 0, 2, 4 and 6 are associated with SSB 0 to 15
ROs 1, 3, 5 and 7 are associated with SSB 16 to 31

Proposal 10: Remove option 2.e. as it can be supported already by Rel-15 NR.
3.2 Reduction of contention failures
Although this functionality is not explicitly listed within [10] we consider it as “non-essential”, hence for the sake of NR-U progress we do not discuss it in this contribution.


3.3 LS on SFN LSB indication in msg2/msgB (RAN2)
During RAN2 #107 meeting and according to [4] the following has been agreed:

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.

Related to the feasibility issue raised by RAN2 for msg2: according to [8] subclause 7.3.1.2.1 the format of the DCI 1_0 with CRC scrambled by RA-RNTI is as follows:


-	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 7.3.1.2.2-5
-	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
Observation 13: for NR Rel-15, 16 reserved bits are available within the DCI 1_0 with CRC scrambled by RA-RNTI.

As on the other hand the current draft version of the TS 38.212 NR-U CR does not provide any update for the subclause 7.3.1.2.1, from NR-U perspective we do not see any feasibility issue related to the inclusion of 2 LSBs of SFN within the msg2 DCI.

Proposal 11: to reply to the RAN2 LS [4] as follows: from NR-U perspective we do not see any feasibility issue related to the inclusion of 2 LSBs of SFN within the msg2 DCI.

4. RRM and RLM
The NR-U WID [2] lists the following within the physical layer procedure(s) to be specified:
	RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)


Although RRM/RLM extension for NR-U operations may raise similar issues – e.g. which signals are used for measurements - they do not mandatorily lead to the same solutions; on the other hand, some issues may be specific to either RRM or RLM, e.g. the configuration of the SMTC for RRM. In the following we will therefore address RRM and RLM topics separately.
4.1 RRM
In RAN1 #96 the following agreement was made related to RRM:

	Agreement:
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario
· Reporting of a new medium contention/load metric other than channel occupancy
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum


4.1.1 SSB/CSI-RS transmission and SMTC configuration
As for a UE in idle mode CSI-RS measurements are not applicable, the main use of CSI-RS RRM measurements will be related to Connected mode mobility. As such performing CSI-RS transmission outside of the DRS transmission window may lead to additional complexity and may not be compatible with the strict timing requirements for neighboring cells monitoring.
Another issue is related to CSI-RS transmission power, as the network shall adjust CSI-RS transmission power because of e.g. different PSD requirements depending on the transmission bandwidth. To ensure reliable RRM measurements – and e.g. a reliable evaluation of the pathloss - it has been agreed for LTE-LAA that the network should guarantee a constant CRS power transmission inside the DMTC window, such constraint being not valid outside of the DMTC window; hence for LTE-LAA no RRM measurements are performed outside of the DMTC window.
It is therefore proposed to support only SSB/CSI-RS-based RRM measurements inside the DRS transmission window.

Proposal 12: Only SSB/CSI-RS-based RRM measurements inside the DRS transmission window are supported.
The way the NR Rel-15 SMTC configuration needs to be updated for NR-U has to be further discussed, but as per the above proposal it seems clear that the SMTC has to be configured based upon the DRS transmission window characteristics for both serving and neighbor cells.
The following aspects should to be investigated:
- The DRS transmission windows distribution between serving and neighbor cells for both synchronized and unsynchronized networks and the consequence upon SMTC configuration are to be discussed. In particular and for unsynchronized networks the longer DRS transmission window periodicity compared to the NR Rel-15 baseline – mandatory to cope with the impacts of LBT – will require specific SMTC configurations, given that the gNB is not aware of the neighbor cells timing. Several tracks to be further investigated could solve this issue, such as the use of the maximum SMTC duration or the use of a sliding SMTC window, but we think that such improvements are not suitable to ensure reliable mobility, as the intervals between measurements are too large.
As a consequence and for the sake of NR-U Rel-16 timely completion:
Proposal 13: For NR-U Rel-16 only synchronous networks are fully supported, asynchronous networks being partially supported.
- Different SMTC configurations for intra and inter-frequency measurements.
- SMTC duration: should be based upon the DRS Tx window duration with the possible use of SSB-ToMeasure to restrict the set of subframes to be actually measured by the UE.
- SMTC periodicity: should be based upon DRS Tx window periodicity. 
Proposal 14: The SMTC configuration for NR-U should assume NR Rel-15 as a baseline. The way it needs to be updated for NR-U is to be further discussed, including the aspects above mentioned.
4.1.2 Impacts of LBT upon RRM measurements
4.1.2.1 Handling of missing L1 samples
Once initial access is performed, the UE is expected to be implicitly aware of the DRS transmission characteristics in the serving and neighboring cell, including DRS timing. On the other hand, providing the UE with an explicit indication of missing L1 samples is not needed in our view, as such indication will be provided “a posteriori” and does not bring any benefit compared to the L3 filter input rate adaptation we propose below.

Observation 14: It is not needed to provide the UE with explicit indication of DRS transmission.

As the UE is aware of SSB/CSI-RS configuration within the DRS transmission window we believe it is reasonable to assume the UE can detect the presence of the SSB/CSI-RS. Thus, missing L1 samples due to e.g. LBT can be identified and removed. Of course, this means there may be fewer samples in L1 measurement period. However, in agreement with what discussed and concluded in RAN2, we think L3 measurement filter should be able to accommodate this - as it was also concluded for RRM measurements in LTE-LAA.
Proposal 15: Missing L1 samples due to LBT are handled in UE implementation specific manner by adapting the input rate to the L3 filter. No changes to the RAN1/RAN2 Specifications are needed to address impacts of LBT on RRM measurements based on SSB and/or CSI-RS.
4.1.2.2 Cell-quality indicator
Note: this topic is not listed within [10]. On the other hand as our proposal is to stick to the NR Rel-15 approach we have kept the discussion.
In Rel-15 NR the cell-quality indicator is calculated as the linear average of up to N best beams (at a given moment) that are above a certain absolute threshold - before L3 filtering. If one of the best N beams fails because of e.g. LBT, the corresponding L1 measurement may be somehow corrupted. However, this only becomes a relevant issue in case multiple SSB-beams are supported in NR-U. If only single-SSB beam is supported by the gNB, then impact of LBT on cell-quality indicator in NR-U can be handled as for RRM measurements based on SSB and/or configured CSI-RS.
Observation 15: If only single-SSB beam is supported by the gNB then impact of LBT on cell-quality indicator in NR-U can be handled as for RRM measurements based on SSB and/or configured CSI-RS.
On the other hand, to support multi-SSB beams there are two possible ways to handle the cell-quality indicator (see Figure 7):
· Option A: use the Rel-15 NR approach, i.e. the cell-quality indicator is periodically computed as the average of the N best beams above a threshold, the final cell-quality indicator being built from these periodic computations.
· Option B: perform for each beam measurement over a given period (including L3 filtering as by Proposal 15), the final cell-quality indicator being built by averaging the N best L3 filtered beam measurements.

[image: ]
Figure 7: Two possible ways to handle the cell-quality indicator
Both approaches guarantee that L3 filtering compensates for the missing SSB/CSI-RS. The main advantage of Option B could be that as individual beam measurements are computed over a given period, the impact of missing SSB/CSI-RS for a given beam is less sensitive than for the Rel-15 NR approach (Option A), leading to a more robust cell-quality indicator. On the other hand, assuming a missing SSB/CSI-RS pseudo-random distribution both approaches are expected to be equivalent.
Given the above and as from a specifications complexity perspective the benefits are obvious, we propose to use the Rel-15 NR approach as a baseline for NR-U (i.e. Option A in Figure 7).
Proposal 16: To use the Rel-15 NR approach as a baseline for cell-quality indicator evaluation:
- When a single-SSB beam is supported by the gNB, as for RRM measurements based on SSB and/or configured CSI-RS.
- When multiple-SSB beams are supported by the gNB, as the average of N best beams above threshold before L3 filtering (Rel-15 NR approach).

4.2 RLM
In RAN1 #96 the following agreement was made related to RLM:
	Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure



In RAN1 #97 the following agreement was made related to RLM:
	Agreement:
For SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window.
· Note: This implies that the SSB-based RLM-RS cannot fall outside the measurement window 
· FFS: Whether and how DRS transmission window is configured to the UE



4.2.1 RLM measurements inside the DRS transmission window
About the current RLM framework in NR, UEs are provided RLM reference signal configurations by implicit determination or explicit configuration from the gNB, implicit configuration meaning same monitoring occasions for both RLM-RS and RMSI; hence related to the implicit RLM-RS configuration we propose to use as RLM-RS both SSB and CSI-RS within the DRS transmission window, the RLM measurement window being equal to the DRS transmission window. The UE shall monitor the downlink quality based on the SSB and/or CSI-RS and assess the downlink radio link quality per every evaluation period. 
Proposal 17: SSB/CSI-RS-based RLM measurements inside the DRS transmission window are supported, the RLM measurement window being equal to the DRS transmission window.

However, in NR unlicensed spectrum, the periodical transmission of RLM-RS may be interrupted due to LBT failure as shown in Figure 8. 


Figure 8: Periodical RLM-RS transmission in NR-U
Once the gNB misses the RLM-RS transmission due to the failed LBT, it must wait until the next transmission opportunity. In this case, the UE cannot distinguish whether such lack of transmission is due to poor link quality or because the RLM-RS transmission is blocked by LBT; therefore, missing RLM-RS have to be taken into account for both IS and OOS evaluations. If the UE always reports OOS indication to higher layers even if the channel condition is good, the inaccurate measurement result may lead to unnecessary RLF. On the other hand, if the UE always doesn’t report OOS indications when it cannot detect any of its configured RLM-RS resources, this will result in unacceptable delays in declaring RLF. Therefore, the RLM/RLF mechanism may be impacted by the possible lack of reference signals due to LBT.
Hence, we propose that the event of the UE not detecting any RLM-RS transmission within the DRS transmission window should be counted in both the in-sync and out-of-sync evaluations. How to count the missing RLM-RS samples within the DRS transmission window in the in-sync/out-of-sync evaluations is for RAN4 to be discussed. 
Proposal 18: RLM-RS samples within the DRS transmission window are taken into account for both in-sync and out-of-sync evaluations. How to count within the DRS transmission window both the detected and missing RLM-RS samples in the in-sync/out-of-sync evaluations is for RAN4 to be discussed.
4.2.2 RLM measurements outside of the DRS transmission window
As by proposal 18 LBT blocking within the DRS transmission window may result in unnecessary declaration of RLF and also slow down the RLM recovery. Though as mentioned above for the RRM topic RLM-RS transmission outside the DRS transmission window may be affected by a fluctuant transmission power, they can still be used for RLM measurements purpose (in-sync evaluations only). To allow for faster RLM recovery in case RLM-RS transmission within the DRS transmission is blocked, we propose that detected L1 samples outside the DRS transmission window in correspondence of configured RLM-RS resources can also be used for RLM measurements for in-sync evaluations only.
Another reason to use RLM-RS signals outside of the DRS transmission window for RLM measurements is linked with the RLM-RS density. It seems that the number of detected RLM-RS signals, which relies on the RLM-RS periodicity and the success probability of LBT, may impact the in-sync evaluation performance. The RLM-RS signals used for in-sync evaluations might not have sufficient density when the periodical RLM-RS signals could not always be transmitted periodically at the configured time resource due to the unsuccessful channel access. 
Observation 16: The RLM-RS signals used for in-sync evaluation might not have sufficient density when the periodical RLM-RS signals are blocked by failed LBT.
Proposal 19: RLM measurements outside of the DRS transmission window are supported for in-sync evaluations only. How to count outside of the DRS transmission window the detected RLM-RS samples in the in-sync evaluations is for RAN4 to be discussed.

Hence, further enhancements for RLM-RS signal outside of the DRS transmission window need to be investigated, especially for long periodicity of RLM-RS resources. For example, when the gNB could not send the periodical RLM-RS signals for pre-defined time duration (e.g., K=2 consecutive periods), an additional opportunity window could be triggered as shown in Figure 9, where some additional occasions of RLM-RS signals transmission should be introduced. 
Proposal 20: The RLM measurement should consider the additional opportunistic RLM-RS transmission in one gNB triggered window in the case no RLM-RS sample within the DRS transmission window has been detected after a pre-defined time duration.


Figure 9: Opportunistic RLM-RS transmission in one triggered window in NR-U

Related to opportunistic RLM-RS, our proposal is to rely for opportunistic RLMS-RS transmission detection upon DMRS signals associated with any PDCCH channel (including the GC-PDCCH channel), bearing in mind that the such channel is always present within a gNB acquired COT and may be used by UEs to be aware of the COT structure. The presence of the PDCCH channel can be confirmed once the associated DMRS signals have been detected by the UE.

Hence no additional indication to the UE is expected to be needed. 

Observation 17: No explicit indication to the UE of opportunistic transmission other than the detection of the DMRS signals associated with PDCCH channel is expected to be needed.

As a consequence and following the RAN1#97 agreement (no SSB-based RLM-RS outside of the DRS transmission window) we propose to use the detection of the DMRS signals, such DMRS signals being used to confirm the presence of the associated PDCCH channel; the UE should then use CSI-RS transmitted within the gNB acquired COT for in-sync evaluations.

Proposal 21: The UE should use the detection of the DMRS signals, such DMRS signals being used to confirm the presence of the associated PDCCH channel; the UE should then use CSI-RS transmitted within the gNB acquired COT for in-sync evaluations.

6. Conclusions
[bookmark: _GoBack]In this contribution, we have discussed potential changes and enhancements needed for physical layer procedures for NR unlicensed scenarios. Based on the discussion, we make the following observations and proposals:
DRS Transmission
Observation 1: for the 1 SSB/slot case the gNB may transmit up to 4 different DMRS sequence indexes. The gNB should use the 2 SSb/slot pattern in the case Q = 8 and the gNB wants to transmit more than 4 beams.
Proposal 1: RAN1 to discuss and confirm the above observation.
Observation 2: the subCarrierSpacingCommon field becomes unnecessary for NR-U and could be therefore used to signal Q.

Observation 3: related to pdcch-ConfigSIB1/controlResourceSetZero MIB subfield:
· At most 2 configurations are relevant for the SCS = 15 kHz case (96 RBs).
· At most 6 configurations are relevant for the SCS = 30 kHz case (48 RBs).



Observation 4: for SCS = 30 kHz and assuming same  and , the 3 corresponding configurations only differ by their “Offset (RBs)” value.

Observation 5: the pdcch-ConfigSIB1/controlResourceSetZero subfield can be reduced to 2 bits for NR-U, with 4 indexes corresponding to 1 and 2 CORESET symbols and  two “Offset (RBs)” values per CORESET symbols value, the remaining indexes being therefore “unnecessary” for NR-U.

Proposal 2: Q is carried via the PBCH MIB using the 2 unnecessary bits from the pdcch-ConfigSIB1/controlResourceSetZero subfield.

Observation 6: SSB index k within ssb-positionsInBurst = SSB Candidate position index – SSB candidate position index for the first SSB actually transmitted, with 0 ≤ k ≤ 7.

Observation 7: for the 1 SSB/slot case non-transmitted SSBs corresponding to the second half slot shall be marked as “0” within the ssb-positionsInBurst IE.

Proposal 3: as for NR Rel-15 the ssb-positionsInBurst IE provides the bitmap of the SSBs actually transmitted by the gNB, with:
· SSB index k within ssb-positionsInBurst = SSB Candidate position index – SSB candidate position index for the first SSB actually transmitted, with 0 ≤ k ≤ 7.
· For the 1 SSB/slot case non-transmitted SSBs corresponding to the second half slot shall be marked as “0” within the ssb-positionsInBurst IE.

Observation 8: For synch purposes, a serving cell is associated with one and only SSB (in frequency domain).
Observation 9: When operating WB carrier with multiple RB-sets, the DRS of a serving cell may be due on the RB-set #X while gNB transmits DL COT on RB-sets other than RB-set #X. 
Proposal 4: UE may expect SSB to be transmitted on one of secondary RB-sets, if the cell-defining SSB in primary sub-band is not indicated as available during the DRS window.
· UE shall not acquire MIB or RMSI on a secondary RB-set.  


Random Access
Proposal 5: Support multiple PRACH resources in frequency domain spread across multiple 20 MHz sub-bands.

Observation 10: Such proposal is applicable when the BWP corresponds to at least two sub-bands and also for UEs which do not support a bandwidth > 20 MHz. In such a case the UE would not able to perform simultaneous LBT on multiple sub-bands but it may select any of the available sub-bands and perform LBT on the selected sub-band.	

Proposal 6: After the UE has selected one sub-band for transmission of Msg1/MsgA, the RA procedure is completed on the same sub-band.
Proposal 7: Support PRACH resources being multiplexed in a flexible manner in UL portion of a shared COT acquired by the gNB for connected mode UEs.

Observation 11: Benefits from 2.b. in idle mode are not clear and should be anyway balanced with the drawbacks indicated in the above note. 
Observation 12: Option 2.c. is covered in option 2.a.

Proposal 8: Support option 2.c. as a particular case of option 2.a.

Proposal 9: Do not support multiple Msg1 transmissions from a UE before end of RAR window.

Proposal 10: Remove option 2.e. as it can be supported already by Rel-15 NR.
Observation 13: for NR Rel-15, 16 reserved bits are available within the DCI 1_0 with CRC scrambled by RA-RNTI.

Proposal 11: to reply to the RAN2 LS [4] as follows: from NR-U perspective we do not see any feasibility issue related to the inclusion of 2 LSBs of SFN within the msg2 DCI.

RRM
Proposal 12: Only SSB/CSI-RS-based RRM measurements inside the DRS transmission window are supported.

Proposal 13: For NR-U Rel-16 only synchronous networks are fully supported, asynchronous networks being partially supported.
Proposal 14: The SMTC configuration for NR-U should assume NR Rel-15 as a baseline. The way it needs to be updated for NR-U is to be further discussed, including the aspects above mentioned.
Observation 14: It is not needed to provide the UE with explicit indication of DRS transmission.

Proposal 15: Missing L1 samples due to LBT are handled in UE implementation specific manner by adapting the input rate to the L3 filter. No changes to the RAN1/RAN2 Specifications are needed to address impacts of LBT on RRM measurements based on SSB and/or CSI-RS.

Observation 15: If only single-SSB beam is supported by the gNB then impact of LBT on cell-quality indicator in NR-U can be handled as for RRM measurements based on SSB and/or configured CSI-RS.
Proposal 16: To use the Rel-15 NR approach as a baseline for cell-quality indicator evaluation:
- When a single-SSB beam is supported by the gNB, as for RRM measurements based on SSB and/or configured CSI-RS.
- When multiple-SSB beams are supported by the gNB, as the average of N best beams above threshold before L3 filtering (Rel-15 NR approach).
Proposal 17: SSB/CSI-RS-based RLM measurements inside the DRS transmission window are supported, the RLM measurement window being equal to the DRS transmission window.

Proposal 18: RLM-RS samples within the DRS transmission window are taken into account for both in-sync and out-of-sync evaluations. How to count within the DRS transmission window both the detected and missing RLM-RS samples in the in-sync/out-of-sync evaluations is for RAN4 to be discussed.
Observation 16: The RLM-RS signals used for in-sync evaluation might not have sufficient density when the periodical RLM-RS signals are blocked by failed LBT.
Proposal 19: RLM measurements outside of the DRS transmission window are supported for in-sync evaluations only. How to count outside of the DRS transmission window the detected RLM-RS samples in the in-sync evaluations is for RAN4 to be discussed.

Proposal 20: The RLM measurement should consider the additional opportunistic RLM-RS transmission in one gNB triggered window in the case no RLM-RS sample within the DRS transmission window has been detected after a pre-defined time duration.
Observation 17: No explicit indication to the UE of opportunistic transmission other than the detection of the DMRS signals associated with PDCCH channel is expected to be needed.

Proposal 21: The UE should use the detection of the DMRS signals, such DMRS signals being used to confirm the presence of the associated PDCCH channel; the UE should then use CSI-RS transmitted within the gNB acquired COT for in-sync evaluations.
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