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At the RAN1#93 meeting, remaining issues regarding NR random access were discussed and RAN1 made agreements [1]. In this contribution, we discuss on remaining issues regarding the power ramping suspension, SSB-PRACH occasion mapping, the higher layer parameter ssb-PositionsInBurst and CORESET/Search space.
2. Remaining issues on RACH procedure
1 
2 
2.1 The power ramping suspension notification for power prioritization
The power ramping suspension notification for UL beam switch is captured in Section 7.4 in TS 38.213, and also RAN2 captured the UE behaviour if the power ramping suspension notification is indicated in TS 38.321. On the other hand, RAN2 has agreed that the power ramping suspension notification can be reused for the lower prioritized PRACH transmission in dual-connectivity case as in LTE.
	RAN2 #101:
· The power ramping suspension notification defined in NR for UL beam switch case can be reused for the lower prioritized PRACH transmission in dual-connectivity case



However, RAN1 specification does not capture above case, and the condition on indication of the power ramping suspension, i.e., power prioritization case, should be captured in RAN1 specification as in LTE. Otherwise, NR PRACH degrades compared with in LTE in terms of interference effect from PRACH. In case that the power ramping suspension notification is indicated, the UE behaviour should be same also in NR. In LTE, the related sentence in section 5.1.4 in TS36.213 is “If the UE drops the PRACH transmission, it sends power ramping suspension indicator to the higher layers. If the UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher layers.”.
In addition, in NR, power prioritization including CA and SUL, and power sharing for dual connectivity were introduced in section 7.5 and 7.6 in TS38.213. Then the power ramping suspension notification should be reused for these cases as well.

Proposal 1: For Prioritizations for transmission power reductions for CA, DC and SUL, and power sharing for dual connectivity, 
· if the UE drops the PRACH transmission, it sends power ramping suspension indicator to the higher layer.
· if the UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher layer.


2.2 LS on RA preambles mapping to SSBs
RAN1 received LS on RA preambles mapping to SSBs from RAN2 [2]. According to the LS, RA preambles mapping to SSB should be considered in the range [0, totalNumberOfRA-Preambles - 1]. Thus, we propose the following text proposal based on the LS.

Proposal 2: Following text proposal is applied to Section 8.1 in TS38.213.
	8.1	Random access preamble
~
A UE is provided a number [image: ] of SS/PBCH blocks associated with one PRACH occasion and a number [image: ] of contention based preambles per SS/PBCH block by higher layer parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If [image: ], one SS/PBCH block is mapped to [image: ] consecutive PRACH occasions. If [image: ], [image: ] contention based preambles with consecutive indexes associated with SS/PBCH block [image: ], [image: ], per PRACH occasion start from preamble index n·totalNumberOfRA-Preambles/Nn·64/N SS/PBCH block indexes are mapped to PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
~




2.3 SSB-PRACH occasion mapping
At the last meeting, the field of PDCCH order was agreed as following.
	Agreements:
Update previous agreements as follows:
· PDCCH order for RACH procedure includes the following fields:
· Random Access Preamble index – 6 bits. Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· For CFRA only:
· FFS BWP index. Indicating which BWP to transmit the Random access preamble on  (no BWP index is necessary in Rel-15)
· SUL indicator – 1 bit. Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
· SSB index - 6 bits are used to indicate an SSB index, which, in turn, identifies a group of RACH occasions
· PRACH occasion Mask index – 3 4 bits are used to indicate the relative RACH occasion PRACH Mask index that corresponds to the RO(s) in the set of RACH occasions identified by the indicated SSB index the indicated SSB index identified group of RACH occasions
· RAN1 supports RAN2’s agreements regarding the PRACH table as in R1-1805803.
· The set of RACH occasions identified by the indicated SSB index within one association period are ordered in the following way:
· In the order of increasing frequency multiplexed RACH occasions and then
· In the order of increasing time multiplexed RACH occasions within a RACH slot and then
· In the order of increasing RACH slot indices



However, the indexing of PRACH Mask index is still unclear. We should clarify how the indexing group of PRACH Mask index is defined, i.e., which timing the indexing of PRACH Mask index is reset at. In TS 38.321, the values of PRACH Mask index are PRACH occasion index 1, 2, … , 8 or all/even/odd PRACH occasion. Then the maximum number of the indexing is 8, which was determined based on the maximum number of consecutive PRACH occasions per SSB defined by the higher layer parameter ssb-perRACH-Occasion. Thus the indexing group of PRACH Mask index should be consecutive PRACH occasions per SSB, i.e., SS/PBCH blocks to PRACH occasions mapping cycle per SSB. In other words, the indexing of PRACH Mask index should be reset after consecutive PRACH occasions per SSB, i.e., SS/PBCH blocks to PRACH occasions mapping cycle per SSB. If the indexing of PRACH Mask index is not reset at the timing, some PRACH occasions cannot be indicated by PRACH Mask index, and it is inefficient in terms of resource overhead and latency. Fig.1 shows the example of the indexing of PRACH Mask index, assuming the number of SSBs is 3 and SSB to PRACH occasions mapping cycles can be repeated two times within the association period. In fig.1 (a), the value of ssb-perRACH-Occasion is oneFourth. In fig.1 (b), the value of ssb-perRACH-Occasion is oneEighth.

[image: ]
Figure 1: The example of the indexing of PRACH Mask index

Based on above, fig.2 shows the example of the selection of PRACH occasion. In fig.2, the timing when UE finish preparing Msg1 transmission, i.e., after UE processing time from reception of PDCCH order, is between PRACH occasion index 1/2 and 3/4 associated with SSB#0. UE should select the next available PRACH occasion after the timing so that latency can be shorter. Then, if PRACH occasion index 3 or 4 is indicated, and SSB index #0 is indicated by PDCCH order, UE should select PRACH occasion index 3 or 4 in first SSB to PRACH occasions mapping cycle within the association period, as shown in fig.2. Also, if PRACH occasion index 1 or 2 is indicated, and SSB index #0 is indicated by PDCCH order, UE should select PRACH occasion index 1 or 2 in second SSB to PRACH occasions mapping cycle within the association period.

[image: ]
Figure 2: The example of the selection of PRACH occasion

Proposal 3: The indexing group of PRACH Mask index should be consecutive PRACH occasions per SSB, i.e., SS/PBCH blocks to PRACH occasions mapping cycle per SSB.
· The indexing of PRACH Mask index should be reset after consecutive PRACH occasions per SSB, i.e., SS/PBCH blocks to PRACH occasions mapping cycle per SSB.
· UE selects the next available PRACH occasion after UE can prepare Msg1 transmission.


2.4 ssb-PositionsInBurst mismatch in SIB1 and ServingcellConfigCommon
Based on the RAN1 discussion so far, actually transmitted SSB index is indicated by the combination of two bitmaps, i.e. inOneGroup and groupPresence, via SIB1 in case of FR2. To reduce the signalling overhead, the actually transmitted SSB indication via SIB1 has only 8+8 bits, and hence it does not have full flexibility. On the other hand, actually transmitted SSB index can be indicated by using full bitmap based on 64 bits in case of dedicated RRC signalling, i.e., in ServingCellConfigCommon. These indications (ssb-PositionsInBurst) in SIB1 and ServingCellConfigCommon are used for rate matching purpose and SSB-RACH occasion (RO) association as described in TS38.213.
	[bookmark: _Toc517265027]4.1	Cell search
~
For SS/PBCH blocks providing higher layer parameter MasterInformationBlock to a UE, the UE can be configured by higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1, indexes of the SS/PBCH blocks for which the UE does not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH blocks. The UE can also be configured per serving cell, by higher layer parameter ssb-PositionsInBurst in ServingCellConfigCommon, indexes of the SS/PBCH blocks for which the UE does not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH blocks. A configuration by ssb-PositionsInBurst in ServingCellConfigCommon overrides a configuration by ssb-PositionsInBurst in SystemInformationBlockType1.
~
[bookmark: _Ref491452917][bookmark: _Toc517265048]8.1	Random access preamble
~
An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that [image: ] SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains [image: ] from the value of higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1  and/or in ServingCellConfigCommon.



As shown in Fig.3, there are cases where the patterns of actually transmitted SSBs within a group are not the same across groups. In such cases, 8+8 bits in SIB1 cannot indicate exact pattern of actually transmitted SSBs. As RAN2 discussed, if ssb-PositionsInBurst in SIB1 and ssb-PositionsInBurst in ServingCellConfigCommon are different, SSB-RO association for initial access/IDLE mode UEs and that for CONNECTED mode UEs are mismatched and it should be avoided.

[image: ]
Figure 3: Example pattern of actually transmitted SSBs with DDDDU based TDD DL-UL configuration

During the RAN2 discussion, following four options were discussed, and only option 2b and 3 are informed via LS in order to respect RAN1 agreement that not to change 8+8 bits format in SIB1, while keeping RAN1 intention that achieving configuration flexibility for the actually transmitted SSBs [3].
· [bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK469][bookmark: OLE_LINK470][bookmark: OLE_LINK524][bookmark: OLE_LINK525][bookmark: OLE_LINK526][bookmark: OLE_LINK471][bookmark: OLE_LINK472][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK527][bookmark: OLE_LINK528][bookmark: OLE_LINK241][bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK247][bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK522][bookmark: OLE_LINK523][bookmark: OLE_LINK193][bookmark: OLE_LINK194][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK244][bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK195][bookmark: OLE_LINK196]Option1: Modify the ssb-PositionsInBurst IE in RMSI to align with ServingCellConfigCommon
· [bookmark: OLE_LINK202][bookmark: OLE_LINK203][bookmark: OLE_LINK204][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK529][bookmark: OLE_LINK530][bookmark: OLE_LINK531][bookmark: OLE_LINK532][bookmark: OLE_LINK533][bookmark: OLE_LINK534][bookmark: OLE_LINK535][bookmark: OLE_LINK197][bookmark: OLE_LINK198][bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK191][bookmark: OLE_LINK192][bookmark: OLE_LINK201][bookmark: OLE_LINK387][bookmark: OLE_LINK388][bookmark: OLE_LINK199][bookmark: OLE_LINK200]Use a 64-bit bitmap, e.g. longBitmap, instead of the two 8-bit bitmaps in FR2.
· [bookmark: OLE_LINK155][bookmark: OLE_LINK156][bookmark: OLE_LINK207][bookmark: OLE_LINK208][bookmark: OLE_LINK209][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK153][bookmark: OLE_LINK154]Option2: Modify the ssb-PositionsInBurst IE in ServingCellConfigCommon to align with RMSI
· [bookmark: OLE_LINK482][bookmark: OLE_LINK483][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK484][bookmark: OLE_LINK485][bookmark: OLE_LINK486][bookmark: OLE_LINK487][bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK210][bookmark: OLE_LINK211][bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK172][bookmark: OLE_LINK173]a) Use two 8-bit bitmaps, e.g. inOneGroup and groupPresence, instead of a 64-bit bitmap in FR2
· b) Or, keep the full bitmap, but put a restriction that only the same scheme as in SIB1 can be configured.
· [bookmark: OLE_LINK391][bookmark: OLE_LINK392][bookmark: OLE_LINK393][bookmark: OLE_LINK394][bookmark: OLE_LINK389][bookmark: OLE_LINK390][bookmark: OLE_LINK170][bookmark: OLE_LINK171][bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK168][bookmark: OLE_LINK169][bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK165]Option3: Add two 8-bit bitmaps for FR2 in ServingCellConfigCommon for the purpose of SSB-RO derivation to align with RMSI, keep the 64 bitmap only for rate matching.
· [bookmark: OLE_LINK174][bookmark: OLE_LINK175][bookmark: OLE_LINK176][bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK395]Introduce additional inOneGroup and groupPresence into ssb-PositionsInBurst IE in ServingCellConfigCommon in FR2 and explain it in field description
In our view, Option 2a and Option 3 are not acceptable since these options will cause negative impact on NSA operation, i.e., SSB-RO association in FR2 is derived from 8+8 bits instead of 64 bits in these options. Option 1 can achieve full flexibility for actually transmitted SSB indication at the cost of 48 bits increase for SIB1 size. Since expected SIB1 size in practice would be larger than several hundreds of bits, we think Option 1 is considerable. However, if we should respect past RAN1 agreement at this stage, then Option 2b is a reasonable solution. In Option 2b, indicated SSB patterns in SIB1 and ServingCellConfigCommon have to be the same, while the indicated SSB pattern could be different from actual transmitted SSB pattern, i.e., actual transmitted SSB pattern could be a subset of indicated SSB pattern in SIB1/RRC. In such case, some inefficiency such as unused RO and unnecessary rate matching exists, but the system can work.
[image: ]
Figure 4: Proposal on the modification of groupPresence IE definition
In addition, as we proposed in our previous contribution [4], the modification of groupPresence IE definition can also be considered. Assuming that in many groups all SSBs within the group are actually transmitted and in some groups some of SSBs within the group are not transmitted due to collision with UL slot, groupPresence IE should indicate whether all SSBs are transmitted or specific pattern of SSBs (as indicated in inOneGroup IE) are transmitted. In order to keep the possibility on current signalling approach, adding one bit to switch groupPresence IE definition can also be considered as shown in Fig.4.
Proposal 4: No additional signalling is introduced for ssb-PositionsInBurst IE, and a restriction that only the same SSB pattern as in SIB1 can be configured in ServingCellConfigCommon for a FR2 cell is introduced.
· The modification of groupPresence IE definition can also be considered so that it indicates whether all SSBs are transmitted or specific pattern of SSBs (as indicated in inOneGroup IE) are transmitted for each group.
· Send reply LS to RAN2 to inform RAN1 agreements and corresponding RAN1 spec update.
Proposal 5: Following text proposal is applied to Section 4.1 in TS38.213.
	4.1	Cell search
~
For SS/PBCH blocks providing higher layer parameter MasterInformationBlock to a UE, the UE can be configured by higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1, indexes of the SS/PBCH blocks for which the UE does not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH blocks. The UE can also be configured per serving cell, by higher layer parameter ssb-PositionsInBurst in ServingCellConfigCommon, indexes of the SS/PBCH blocks for which the UE does not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH blocks. UE does not expect that aA configuration by ssb-PositionsInBurst in ServingCellConfigCommon is different fromoverrides a configuration by ssb-PositionsInBurst in SystemInformationBlockType1.
~



2.5 Remaining issues related to CORESET/Search space
At the last meeting, the issues related to CORESET/Search space were discussed jointly among control/MIMO/initial access session. There are still some remaining issues, which we need to discuss for reply to RAN2 LS. We discuss these remaining issues in this section.

2.5.1   TCI state for CORESET#0 
In R1-1807732, RAN2 made some questions to RAN1. Following are the RAN1’s necessary actions:
	· Actions to RAN2 LS:
1. review our agreements described in this LS and provide the feedback if any;
· Agreements 1, 2, 3, 3a, 4 in the LS
2. provide the feedback on tci-StatesPDCCH and CORESET #0 as described in this LS.
· whether tci-StatesPDCCH is ignored during the RA procedure (for BFR it seems already clear) or the tci-StatePDCCH should have been in the SearchSpace (e.g. if it is meant to be used for USS only and not for CSS). 
· whether CORESET#0 is supposed to be configurable dedicatedly with a TCI-state. 
3. confirm whether it is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 associated with SSBs.

Note: RAN2 agreements 1, 2, 3, 3a, and 4 are following:
1.	Introduce a new field for controlResourceSetZero (in PDCCH-ConfigCommon) as an INTEGER (0..15). The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Add a condition that this field may only be configured in the initial BWP (BWP#0). Clarify that "The UE acquires CORESET#0 irrespective of the currently active BWP as described in 38.xxx, section x.x.x.”. Other CORESETs are configured as defined currently.
2.	Introduce a new field for searchSpaceZero (in PDCCH-ConfigCommon) as an INTEGER (0..15). The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Add a condition that this field may only be configured in the initial BWP (BWP#0). Clarify that "The UE acquires SearchSpaceZero irrespective of the currently active BWP as described in 38.xxx, section x.x.x.”.
3.	For other search spaces: Add a "duration" to the SearchSpace. The "duration" defines the number of slots that a SearchSpace lasts in every occasion (at every period as given in the periodicyAndOffset). If the field is absent, the duration is 1 slot (as it was so far). The duration is in the range 2..periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).
3a.	Add the missing periodicities as described in R2-1806895.
4.	Consider splitting the definition of the field pdcch-ConfigSIB1 in MIB into CORESET and SearchSpace, according to the controlResourceSetZero and seachSpaceZero as indicated above to reuse the same encoding so that it is backward-compatible (i.e. currently the field is encoded as one field of type INTEGER (0..255), which is equivalent of having two fields of type INTEGER (0..15)), if that is OK for RAN1.



RAN1 achieved agreements for 1 and first part of 2, but not for others.:
	Agreements:
To reply RAN2 LS:
1 Whether tci-StatesPDCCH is ignored during the RA procedure (for BFR it seems already clear) or the tci-StatePDCCH should have been in the SearchSpace (e.g. if it is meant to be used for USS only and not for CSS)?
· While monitoring Type 1 PDCCH common search space during the RA procedure, UE can ignore the tci-StatesPDCCH of the associated CORESET, if any tci-StatesPDCCH is configured with the associated CORESET.
· Note: In case of PDCCH ordered CFRA, UE follows the same procedure that got agreed in RAN1 92 RACH procedure session.
2 Whether it is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 (associated with SSBs)?
· RAN1 is still discussing this.

Agreements:
· To reply LS in R1-1807732
· Regarding RAN2 agreements 1 & 2
· Agree to the answer in red on slide 4 of R1-1807838, with one update
· “contains the CORESET#0…”
· “as long as the CORESET#0…”
· Regarding RAN2 agreements 3a
· Answer: this is only for CSS configurations
· For other RAN2 agreements, no comments from RAN1

Note: by the second agreements above, slide 4 of R1-1807838 is updated as follows:
· Comments to agreements 1 and 2:
· It says “Add a condition that this field may only be configured in the initial BWP (BWP#0). Clarify that "The UE acquires CORESET#0 irrespective of the currently active BWP as described in 38.xxx, section x.x.x.”. Other CORESETs are configured as defined currently”
· RAN1 interpret “the UE acquires CORESET#0” such as: UE can monitor the CORESET configured by the MIB or the CORESET#0 configured by PDCCH-ConfigCommon in the Initial BWP (BWP#0) even when the other DL BWP is active as long as the active DL BWP contains the CORESET#0 and the active DL BWP is the same numerology as the CORESET #0.
· RAN1’s understanding is that for any search space set configured in any DL BWP, if the CORESET ID is #0 for the search space set, the UE monitors the search space set using the CORESET #0 as long as the CORESET #0 is included in the DL BWP and the DL BWP uses the same numerology as the CORESET #0.



The remaining questions are following:
1. whether CORESET#0 is supposed to be configurable dedicatedly with a TCI-state?
2. whether it is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 associated with SSBs?

Whether CORESET#0 is supposed to be configurable dedicatedly with a TCI-state?
On the first issue, extensive discussion has been done including MIMO and control channel experts, but no consensus has been made. Following are the discussed alternatives (re-phrased based on our interpretations to make them understandable).
· Alt.1: Dedicate RRC signaling can configure TCI state for CORESET#0. The configured TCI state is only used for unicast PDCCH associated with the CORESET#0. For broadcast PDCCH associated with the CORESET#0, QCL source is the selected SSB.
· Alt.1’: Dedicate RRC signaling can configure TCI state for CORESET#0, where the QCL source is only an SSB. The configured TCI state is used for both unicast PDCCH and broadcast PDCCH associated with the CORESET#0. 
· Alt.2: Dedicate RRC signaling is not supported for TCI state configuration for CORESET#0. Instead, MAC-CE message which contains the ID of a selected SSB is defined to indicate the QCL source for the PDCCH associated with the CORESET#0. The QCL source for the PDCCH associated with the CORESET#0 is the most recent one between MAC-CE and an SSB selected as part of CBRA or CFRA.
· Alt.3: Neither dedicated RRC signaling or MAC-CE signaling is supported for TCI state configuration for CORESET#0. Unicast PDCCH cannot be associated with the CORESET#0 after RRC connection is established.
· Alt.3’: Neither dedicated RRC signaling or MAC-CE signaling is supported for TCI state configuration for CORESET#0. Unicast PDCCH cannot be associated with the CORESET#0 after RRC connection is established. Support 6 RB grid alignment between CORESET#0 and any other CORESETs. If NW wants to send unicast PDCCH associated with CORESET#0 with a dedicate configuration of a TCI-state, the NW should configure another CORESET which is aligned with the CORESET#0.

The issue is tightly connected with CORESET/search space design, PDCCH monitoring procedure, random access procedure, etc. As noted in the offline summary document, by random-access procedure, change of QCL source for CORESET#0 should be realized. 
· Regardless of alternatives, for CFRA, RACH-ConfigDedicated configures one or more of SSB(s) or CSI-RS(s) to configure PRACH preamble/resource, then the selected SSB/CSI-RS will be the QCL reference for the new CORESET #0 after the CFRA.
· Regardless of alternatives, the SSB is selected by the UE for CORESET#0 after the CBRA.
This implies that none of the alternatives is fundamentally necessary. The benefit of alternatives is just to avoid random-access procedure. This can be considered as an optimization at this late stage. Therefore, our proposal is not to adopt any alternatives; just rely on random-access procedure.
Proposal 6:
· The answer to the question “whether CORESET#0 is supposed to be configurable dedicatedly with a TCI-state?” is;
· No, RAN1 does not agree to support configuration of a TCI-state for CORESET#0. The QCL source for PDCCH associated with the CORESET#0 is an SSB selected from SSB(s) through CFRA or CBRA.

However, even for the CFRA/CBRA-based QCL source selection for CORESET#0, there are some unclear aspects. In the following sub-section, we present our view on how it works.

2.5.2   Relation between PDCCH monitoring and random-access
For RAR reception, UE monitors PDCCH based on the configuration of ra-SearchSpace. A CORESET ID is indicated in the ra-SearchSpace. However, the UE ignores TCI-state of the CORESET where the ra-SearchSpace is associated with for RAR reception; instead, the UE determines QCL source of the PDCCH monitored in the ra-SearchSpace based on the PRACH resource, since the PRACH resource is selected based on the preferred SSB/CSI-RS.
ra-SearchSpace can be associated with either controlResourceSetZero or commonControlResourceSet in the PDCCH-ConfigCommon. The QCL source determination based on the PRACH resource may impact on search space monitoring. In the following, we discuss this issue considering different cases. The search space configured by ra-SearchSpace is called as Type1-PDCCH common search space.
Case 1: ra-SearchSpace and Search space#0 (i.e., Type0-PDCCH common search space or the search space identified by SSB + MIB or the search space configured by searchSpaceZero or searchSpaceSIB1 in PDCCH-ConfigCommon) are associated with CORESET#0 (i.e., the CORESET identified by SSB + MIB or the CORESET configured by controlResourceSetZero in PDCCH-ConfigCommon)
For Case 1, ra-SearchSpace is associated with the same CORESET as for Search space#0. The CORESET#0 is QCLed with an SSB, where the SSB is selected through initial access or random access. Once CFRA or CBRA is triggered and another SSB is selected for PRACH transmission, the selected SSB should be the new QCL source for the CORESET#0. The UE shall monitor all the search spaces associated with the CORESET#0 assuming the QCL source is the newly selected SSB. The SSB change may require UE to change the PDCCH monitoring occasion for Search space#0 according to the selected SSB. As such, for SSB-based RA for Case 1, not only QCL source, but also PDCCH monitoring occasion for Search space #0 is changed according to the SSB selection.
[image: ]
Figure 5: SSB-based RA for Case 1.

It is not clear whether CSI-RS based RA is enabled when the ra-SearchSpace is associated with CORESET#0. Once CSI-RS based RA occurs, the UE uses the selected CSI-RS as the QCL source for CORESET#0. We consider that for CORESET#0, QCL source should be an SSB and hence, do not prefer to support CSI-RS based RA when ra-SearchSpace is associated with CORESET#0.

Case 2: ra-SearchSpace is associated with commonControlResourceSet in PDCCH-ConfigCommon, while Search space#0 (i.e., Type0-PDCCH common search space or the search space identified by SSB + MIB or the search space configured by searchSpaceZero or searchSpaceSIB1 in PDCCH-ConfigCommon) is associated with CORESET#0 (i.e., the CORESET identified by SSB + MIB or the CORESET configured by controlResourceSetZero in PDCCH-ConfigCommon)
The QCL sources can be different between CORESET#0 and commonControlResourceSet. In general, it is not reasonable to set different SSBs for QCL sources of CORESET#0 and commonControlResourceSet; the typical case of different QCL sources for CORESET#0 and commonControlResourceSet would be that a CSI-RS associated with a SSB is set as the QCL source for commonControlResourceSet, where the SSB is the QCL source for CORESET#0. For example, it is possible that CORESET#0 is associated with SSB#0 while commonControlResourceSet is associated with CSI-RS#0 which is associated with SSB#0. 
If SSB-based RA applied, the UE sets the selected SSB as the QCL source for commonControlResourceSet. In this case, it is reasonable that the UE sets the selected SSB as the QCL source also for CORESET#0. Same as in Case 1, the UE shall change the PDCCH monitoring occasion for Search space#0.
If CSI-RS-based RA is applied, the UE sets the selected CSI-RS as the QCL source for commonControlResourceSet. In this case, it is reasonable that the selected CSI-RS is associated with an SSB, and the SSB is the QCL source for CORESET#0. Therefore, if the SSB for the selected CSI-RS is different from the SSB which has been used as the QCL source for CORESET#0, the QCL source for CORESET#0 should also be changed to the SSB for the selected CSI-RS. In other words, for CSI-RS-based RA, the CSI-RS needs to have an associated SSB.
[image: ]
Figure 6: CSI-RS-based RA for Case 2.

Case 3: Both ra-SearchSpace and Search space#0 (i.e., Type0-PDCCH common search space or the search space configured by searchSpaceSIB1 in PDCCH-ConfigCommon) are associated with commonControlResourceSet
If the DL BWP does not include initial active DL BWP or SS/PBCH block (i.e., non-overlapping DL BWP, according to RAN2 definition), it is not possible to monitor searchSpaceZero or any other search spaces associated with CORESET#0. The available CORESET for search spaces in the PDCCH-ConfigCommon is only the commonControlResourceSet. Therefore, all of searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, and ra-SearchSpace, should be able to be associated with commonControlResourceSet, at least for non-overlapping DL BWP. This is not allowed in the current specifications and hence should be supported.
Same as for Case 2, either SSB-based RA or CSI-RS based RA is applicable as long as the SSB/CSI-RS is within the active DL BWP. For this particular case, CSI-RS for CSI-RS based RA is not necessarily associated with an SSB. Since controlResourceSetZero is not used, PDCCH monitoring occasion of Type0-PDCCH common search space cannot be the SSB for controlResourceSetZero, and should be configured by UE-specific manner. Therefore, the monitoring occasion of Search space#0 in this case is not necessary to be affected by which SSB/CSI-RS the UE selects for random access; while QCL source for the commonControlResourceSet shall be changed based on the selected SSB/CSI-RS.
[image: ]
Figure 7: Case 4.

Summarizing the discussions, we propose following:
Proposal 7:
· When ra-SearchSpace and Search space#0 (i.e., Type0-PDCCH common search space or the search space identified by SSB + MIB or the search space configured by searchSpaceZero or searchSpaceSIB1 in PDCCH-ConfigCommon) are associated with CORESET#0 (i.e., the CORESET identified by SSB + MIB or the CORESET configured by controlResourceSetZero in PDCCH-ConfigCommon), 
· The QCL source for CORESET#0 is the selected SSB through initial access or random access.
· If SSB-based RA is triggered, and if the UE selects another SSB, the QCL source for any PDCCHs associated with CORESET#0 becomes the selected SSB.
· PDCCH monitoring occasion of Search space#0 is determined by the selected SSB, which is known by the gNB by the PRACH resource.
· When ra-SearchSpace is associated with commonControlResourceSet in PDCCH-ConfigCommon, while Search space#0 (i.e., Type0-PDCCH common search space or the search space identified by SSB + MIB or the search space configured by searchSpaceZero or searchSpaceSIB1 in PDCCH-ConfigCommon) is associated with CORESET#0 (i.e., the CORESET identified by SSB + MIB or the CORESET configured by controlResourceSetZero in PDCCH-ConfigCommon),
· The QCL source for CORESET#0 is the selected SSB through initial access or random access.
· The QCL source for commonControlResourceSet can be either the SSB which is the QCL source for CORESET#0, or a CSI-RS which is associated with the SSB which is the QCL source for CORESET#0.
· If SSB-based RA is triggered, and if the UE selects another SSB, the QCL source for any PDCCHs associated with CORESET#0 and commonControlResourceSet becomes the selected SSB.
· PDCCH monitoring occasion of Search space#0 is determined by the selected SSB, which is known by the gNB by the PRACH resource.
· If CSI-RS based RA is triggered, and if a UE selects a CSI-RS which associates with another SSB, the QCL source for any PDCCHs associated with commonControlResourceSet becomes the selected CSI-RS, and the QCL source for any PDCCHs associated with controlResourceSetZero becomes the SSB which is associated with the selected CSI-RS.
· PDCCH monitoring occasion of Search space#0 is determined by the SSB which is associated with the selected CSI-RS, which is known by the gNB by the PRACH resource.
· When Both ra-SearchSpace and Search space#0 (i.e., Type0-PDCCH common search space or the search space configured by searchSpaceSIB1 in PDCCH-ConfigCommon) are associated with commonControlResourceSet,
· Either SSB or CSI-RS can be configured as the QCL source for commonControlResourseSet.
· If a CSI-RS is the QCL source, the CSI-RS is not necessarily be associated with an SSB.
· If SSB-based RA or CSI-RS-based RA is triggered, and if a UE selects another SSB/CSI-RS, the QCL source for any PDCCHs associated with commonControlResourceSet becomes the selected SSB/CSI-RS.
· PDCCH monitoring occasion of Type0-PDCCH common search space is not impacted by the selected SSB/CSI-RS. 
· This case may be limited to the non-overlapping DL BWP.

Based on the above clarification, we can reach an answer to the second question:
Whether it is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 associated with SSBs?
 RAR is monitored on ra-SearchSpace. As discussed above, CSI-RS based RA should be allowed only for the case where the ra-SearchSpace is associated with commonControlResourceSet. Hence, the answer to the question is no.

Proposal 8:
· The answer to the question “Whether it is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 associated with SSBs?” is;
· No. PDCCH for RAR is receivable only in ra-SearchSpace. For CSI-RS based RA, ra-SearchSpace is not associated with CORESET#0. Therefore, PDCCH for RAR in ra-SearchSpace is QCLed with the selected CSI-RS which may or may not be associated with SSB. 
· Besides, proposal 7 should be informed to RAN2 in the same LS.
· Necessary spec changes in 213 and 331 should be considered carefully once agreed.

Overall answers should be gathered and draft LS should be delivered to RAN2. In [5], we provide our draft LS reply to RAN2.

3. Conclusion 
In this contribution, we discussed on remaining issues related to random access for NR. We made the following proposals. 

Proposal 1: For Prioritizations for transmission power reductions for CA, DC and SUL, and power sharing for dual connectivity, 
· if the UE drops the PRACH transmission, it sends power ramping suspension indicator to the higher layer.
· if the UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher layer.
Proposal 2: Following text proposal is applied to Section 8.1 in TS38.213.
	8.1	Random access preamble
~
A UE is provided a number [image: ] of SS/PBCH blocks associated with one PRACH occasion and a number [image: ] of contention based preambles per SS/PBCH block by higher layer parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If [image: ], one SS/PBCH block is mapped to [image: ] consecutive PRACH occasions. If [image: ], [image: ] contention based preambles with consecutive indexes associated with SS/PBCH block [image: ], [image: ], per PRACH occasion start from preamble index n·totalNumberOfRA-Preambles/Nn·64/N SS/PBCH block indexes are mapped to PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
~


Proposal 3: The indexing group of PRACH Mask index should be consecutive PRACH occasions per SSB, i.e., SS/PBCH blocks to PRACH occasions mapping cycle per SSB.
· The indexing of PRACH Mask index should be reset after consecutive PRACH occasions per SSB, i.e., SS/PBCH blocks to PRACH occasions mapping cycle per SSB.
· UE selects the next available PRACH occasion after UE can prepare Msg1 transmission.
Proposal 4: No additional signalling is introduced for ssb-PositionsInBurst IE, and a restriction that only the same SSB pattern as in SIB1 can be configured in ServingCellConfigCommon for a FR2 cell is introduced.
· The modification of groupPresence IE definition can also be considered so that it indicates whether all SSBs are transmitted or specific pattern of SSBs (as indicated in inOneGroup IE) are transmitted for each group.
· Send reply LS to RAN2 to inform RAN1 agreements and corresponding RAN1 spec update.
Proposal 5: Following text proposal is applied to Section 4.1 in TS38.213.
	4.1	Cell search
~
For SS/PBCH blocks providing higher layer parameter MasterInformationBlock to a UE, the UE can be configured by higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1, indexes of the SS/PBCH blocks for which the UE does not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH blocks. The UE can also be configured per serving cell, by higher layer parameter ssb-PositionsInBurst in ServingCellConfigCommon, indexes of the SS/PBCH blocks for which the UE does not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH blocks. UE does not expect that aA configuration by ssb-PositionsInBurst in ServingCellConfigCommon is different fromoverrides a configuration by ssb-PositionsInBurst in SystemInformationBlockType1.
~


Proposal 6:
· The answer to the question “whether CORESET#0 is supposed to be configurable dedicatedly with a TCI-state?” is;
· No, RAN1 does not agree to support configuration of a TCI-state for CORESET#0. The QCL source for PDCCH associated with the CORESET#0 is an SSB selected from SSB(s) through CFRA or CBRA.
Proposal 7:
· When ra-SearchSpace and Search space#0 (i.e., Type0-PDCCH common search space or the search space identified by SSB + MIB or the search space configured by searchSpaceZero or searchSpaceSIB1 in PDCCH-ConfigCommon) are associated with CORESET#0 (i.e., the CORESET identified by SSB + MIB or the CORESET configured by controlResourceSetZero in PDCCH-ConfigCommon), 
· The QCL source for CORESET#0 is the selected SSB through initial access or random access.
· If SSB-based RA is triggered, and if the UE selects another SSB, the QCL source for any PDCCHs associated with CORESET#0 becomes the selected SSB.
· PDCCH monitoring occasion of Search space#0 is determined by the selected SSB, which is known by the gNB by the PRACH resource.
· When ra-SearchSpace is associated with commonControlResourceSet in PDCCH-ConfigCommon, while Search space#0 (i.e., Type0-PDCCH common search space or the search space identified by SSB + MIB or the search space configured by searchSpaceZero or searchSpaceSIB1 in PDCCH-ConfigCommon) is associated with CORESET#0 (i.e., the CORESET identified by SSB + MIB or the CORESET configured by controlResourceSetZero in PDCCH-ConfigCommon),
· The QCL source for CORESET#0 is the selected SSB through initial access or random access.
· The QCL source for commonControlResourceSet can be either the SSB which is the QCL source for CORESET#0, or a CSI-RS which is associated with the SSB which is the QCL source for CORESET#0.
· If SSB-based RA is triggered, and if the UE selects another SSB, the QCL source for any PDCCHs associated with CORESET#0 and commonControlResourceSet becomes the selected SSB.
· PDCCH monitoring occasion of Search space#0 is determined by the selected SSB, which is known by the gNB by the PRACH resource.
· If CSI-RS based RA is triggered, and if a UE selects a CSI-RS which associates with another SSB, the QCL source for any PDCCHs associated with commonControlResourceSet becomes the selected CSI-RS, and the QCL source for any PDCCHs associated with controlResourceSetZero becomes the SSB which is associated with the selected CSI-RS.
· PDCCH monitoring occasion of Search space#0 is determined by the SSB which is associated with the selected CSI-RS, which is known by the gNB by the PRACH resource.
· When Both ra-SearchSpace and Search space#0 (i.e., Type0-PDCCH common search space or the search space configured by searchSpaceSIB1 in PDCCH-ConfigCommon) are associated with commonControlResourceSet,
· Either SSB or CSI-RS can be configured as the QCL source for commonControlResourseSet.
· If a CSI-RS is the QCL source, the CSI-RS is not necessarily be associated with an SSB.
· If SSB-based RA or CSI-RS-based RA is triggered, and if a UE selects another SSB/CSI-RS, the QCL source for any PDCCHs associated with commonControlResourceSet becomes the selected SSB/CSI-RS.
· PDCCH monitoring occasion of Type0-PDCCH common search space is not impacted by the selected SSB/CSI-RS. 
· This case may be limited to the non-overlapping DL BWP.
Proposal 8:
· The answer to the question “Whether it is allowed to configure UEs with CSI-RS based RA and send the RAR on CORESET #0 associated with SSBs?” is;
· No. PDCCH for RAR is receivable only in ra-SearchSpace. For CSI-RS based RA, ra-SearchSpace is not associated with CORESET#0. Therefore, PDCCH for RAR in ra-SearchSpace is QCLed with the selected CSI-RS which may or may not be associated with SSB. 
· Besides, proposal 7 should be informed to RAN2 in the same LS.
· Necessary spec changes in 213 and 331 should be considered carefully once agreed.
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