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1. Introduction
RAN2 reviewed about the configuration of ssb-PositionsInBurst in SIB1/RRC and found that in handover and serving cell addition cases, the 64-bit ssb-PositionsInBurst in ServingcellConfigCommon may not match the ssb-PositionsInBurst in target cell SIB1 in FR2. This mismatch will lead to misunderstanding on SSB-RO association problem if the 64-bit parameter is used for RACH derivation for connected UE, which should be avoided from RAN2’s perspective.

RAN2 sent an LS to RAN1[1] and listed two potential options to solve this issue:

-
Option1: Modify the field description of ssb-PositionsInBurst IE in ServingCellConfigCommon to align with target cell RMSI. Specifically, keep the full bitmap in ServingcellConfigCommon but put a restriction in field description that only the same scheme as in SIB1 can be configured during HO and serving cell addition
-
Option2: Add two 8-bit bitmaps as the ssb-PositionsInBurst2 IE in ServingCellConfigCommon, i.e., introduce additional inOneGroup and groupPresence in ServingCellConfigCommon and explain that it is used for deriving the association of RACH occasion and SSB in handover and serving cell addition case in field description. The full bitmap ssb-PositionsInBurst is kept in ServingcellConfigCommon for rate matching purpose.
RAN2 respectfully asks RAN1 the specific intention/functionalities of 8+8 bit format in SIB1 and the 64 full bitmap format in ServingCellConfigCommon.
RAN2 respectfully asks RAN1 to consider the above options, and feedback the preferred solution according to RAN1 functionality.
In this contribution, we provide some background information about RAN2’s discussion and also offer our views on the above options.
2. Discussion
2.1. Mismatch issue

	Agreements-90bis:
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Working assumption-90bis:
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases

· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
Working assumption-AH3:

· For indication in RMSI:

· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)

· A Group is defined as consecutive SS/PBCH blocks

· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted
Agreement-AH3:

· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI
Agreements-91:

· Confirm the working assumption of:

· NR supports the scheme of 'Group-Bitmap (8 bits) + Bitmap in Group (8 bits)' for actual transmitted SS/PBCH block position indication in RMSI for above 6GHz frequency range


In the previous meeting [2]

 REF _Ref521322849 \n \h [3]

 REF _Ref521322850 \n \h [4], RAN1 agreed that two 8-bit bitmaps (inOneGroup and groupPresence) in RMSI and 64-bit bitmap in RRC signaling are used to indicate the transmitted SSB for rate matching purpose in FR2. As long as the actual transmitted SSBs corresponding to each present “SSB Group” are allowed to be different, the SSB resources indicated by RMSI and RRC may not be consistent.

The major motivation of adopting a compressed form in RMSI is to maintain lower signaling overhead and ensure coverage in the FR2 case where the number of beams can be up to 64. The 64-full bitmap is used to provide higher scheduling flexibility and more precise rate matching information for connected UE. Therefore, at least for rate matching purpose, there is no problem even as idle UE and connected UE keep different understandings of actually transmitted SSB. 
In RAN1#AH3 meeting[3], the 8+8 bitmap in RMSI was extended for SSB-RO association functionality for initial access. However, there is no agreement and conclusion that how to derive the SSB-RO association in handover/Scell/PScell configuration cases where the UE does not read the RMSI. 

RAN2 has discussed how to derive the SSB-RO mapping in these cases and found that, according to current 38.331 [5], the only information related to the transmitted SSB that the target UE can obtain is the 64-bit bitmap ssb-PositionsInBurst in the ServingCellConfigCommon. One way for those UEs to derive the SSB-RO association is to use this 64-bit indicator. However, directly reusing the ssb-PositionsInBurst in the ServingCellConfigCommon also for SSB-RO derivation purpose will lead to an incorrect understanding of the SSB-RO relationship by UE.
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Figure 1. Example for mismatched understanding during HO

More specifically, in the handover case, RRC configures 2 SSB per RO, and the 64-bit bitmap for the target cell B indicates SSB {1, 17, 18}, a subset of SSB {1-2, 17-18} indicated by RMSI of cell B. The HO UE, therefore, will consider SSB1 and SSB17 are mapped to RO1. At the same time, other idle UEs in cell B will follow RMSI and treat SSB1 and SSB2 as the SSB pair associated with the same RACH resource. In Scell and Pscell addition case, the similar situation may occur as well.

The mismatches among UEs in the same cell will result in a series of problems:

· Higher probability of declaring the random-access procedure failure 

SSB-RO association is used for help UE identify TX-RX pair, UEs with incorrect SSB-RO assumption will have trouble interpreting of beam correspondence and transmit Msg1 through a sub-optimal beam. The mismatch issue will result in higher preamble reception failure.
· duplicated RARs
For each preamble sequence received on the RO where inconsistent understanding exists, NW always has to feedback two RARs based on different assumptions.

· Preamble shift
As shown in above figure, mismatched mappings will give rise to shifted preamble allocation for part of SSBs.

Observation 1: Based on the current 38.331, UE cannot obtain the compressed SSB indication of the target cell/Scell/Pscell during handover/Scell/PScell configuration.

Observation 2: During handover/Scell/PScell configuration, UE may hold a mismatched understanding of SSB-RO association with the 64-bit ssb-PositionsInBurst.
Observation 3: Mismatched interpretations of SSB-RO mapping will lead to the following problems:

· Random access procedure failure 

· Duplicated RARs

· Preamble shift

RAN2 has discussed the above issues in their last meeting and agreed that these issues should be addressed. They proposed two options and urged RAN1 to take into consideration. In section 2.2 and section 2.3, we analyze the pros and cons of the two options given by RAN2.
2.2. Option 1

	-
Option1: Modify the field description of ssb-PositionsInBurst IE in ServingCellConfigCommon to align with target cell RMSI. Specifically, keep the full bitmap in ServingcellConfigCommon but put a restriction in field description that only the same scheme as in SIB1 can be configured during HO and serving cell addition


In option 1, the 64-bit ssb-PositionsInBurst configured by the source-cell/Pcell is reused for deriving SSB-RO mapping of the target cell/serving cell, with a restriction that NW should guarantee consistency between IE ssb-PositionsInBurst in source-cell/Pcell RRC and target-cell/serving cell RMSI. However, this option significantly restricts the deployment flexibility, which does not align with RAN1’s original intention of introducing 64-bit SSB indicator in RRC.
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Figure 2. Illustration of restrictions for Scell configuration
Moreover, since a UE is not going to read RMSI in the Scell, the 64 bits in Scell’s RRC configuration also needs to be the aligned with RMSI. Otherwise, all serving UEs will not be able to reach consensus on the SSB-RO mapping. As illustrated in Figure 2, effectively the SSBs indicated by s1, s2, and s3 should be the same.
Observation 4: Option 1 breaks RAN1’s original intention and restricts the deployment flexibility of operator.

Observation 5: For cells that work as Pcell and Scell for different UEs at the same time, the SSB indications for rate matching in RRC are limited by RMSI.

	Agreements-AH3:
· For rate matching purpose

· For UE specific PDSCH and UE specific CORESET
· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 

· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 

· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources

· Working assumption: For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI

· FFS: Confirm for each channel

· The signalling in RMSI is only for the associated SS/PBCH block

· FFS: Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC

Agreements-AH3:
· Confirm working assumption of: 

· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case

· Indicated resources are reserved for actually transmitted SS blocks

· Data channels are rate matched around actually transmitted SS blocks

Agreements-90bis:

· The following working assumption is confirmed:

· For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI

· FFS: Confirm for each channel

· The signalling in RMSI is only for the associated SS/PBCH block


On the other hand, from the above RAN1’s agreements, it is concluded that the 8+8 bitmap in RMSI can also be used for rate matching of broadcast information, such as paging and OSI. That means connected UEs need to maintain the 16-bit ssb-PositionsInBurst as well even if the full bitmap has been provided. If option.1 is approved, further clarification is required that the 64-bit SSB indicator should not directly override the 16-bit one at least for Pcell reconfiguration case.

However, companies in RAN2 have different views on the feasibility of such “partially overridden” behavior according to [6]. Some companies think the 8+8 bitmap obtained through RMSI will be overridden by 64 bits once the ServingcellConfigCommon is configured anyway, so UE is not able to maintain two different indications at the same time. Meanwhile, some others think it is possible to preserve 16-bit bitmap and 64-bit bitmap for different processes simultaneously. RAN1 may need to clarify that whether there is a need to retain two indicators. 
Observation 6: RAN2 companies hold different opinions toward the behavior of 64-bit bitmap overriding 8+8 bitmap in Pcell reconfiguration case.
2.3. Option 2
	-
Option2: Add two 8-bit bitmaps as the ssb-PositionsInBurst2 IE in ServingCellConfigCommon, i.e., introduce additional inOneGroup and groupPresence in ServingCellConfigCommon  and explain that it is used for deriving the association of RACH occasion and SSB in handover and serving cell addition case in field description. The full bitmap ssb-PositionsInBurst is kept in ServingcellConfigCommon for rate matching purpose.


In option 2, the functionalities of SSB-RO association and rate matching are decoupled, by introducing an additional 8+8 bitmap only for SSB-RO association use. This option coincides with RAN1’s intention to provide more accurate rate matching information for connected UE and also avoid SSB-RO misunderstanding in the above cases. 

Based on the above discussion, option.2 outperforms option.1 from the perspective of scheduling flexibility, meanwhile, solves the RO mismatched problem. 
Observation 7: Option.2 has separated the functionality of SSB-RO association and rate matching by introducing new IE ssb-PositionsInBurst2 only for SSB-RO use.
Proposal 1: Option.2 is the preferred solution as it can keep rate matching function as well as resolve SSB-RO mismatch issue. Meanwhile operators can maintain full flexibility on SSB deployment. 
3. Conclusion

In this contribution, we have discussed two potential options for solving the mismatched SSB-RO issue and made the following observations and proposals:

Observation 1: Based on the current 38.331, UE cannot obtain the compressed SSB indication of the target cell/Scell/Pscell during handover/Scell/PScell configuration.
Observation 2: During handover/Scell/PScell configuration, UE may hold a mismatched understanding of SSB-RO association with the 64-bit ssb-PositionsInBurst.
Observation 3: Mismatched interpretations of SSB-RO mapping will lead to the following problems:
· Random access procedure failure 

· Duplicated RARs

· Preamble shift
Observation 4: Option 1 breaks RAN1’s original intention and restricts the deployment flexibility of operator.
Observation 5: For cells that work as Pcell and Scell for different UEs at the same time, the SSB indications for rate matching in RRC are limited by RMSI.
Observation 6: RAN2 companies hold different opinions toward the behavior of 64-bit bitmap overriding 8+8 bitmap in Pcell reconfiguration case.
Observation 7: Option.2 has separated the functionality of SSB-RO association and rate matching by introducing new IE ssb-PositionsInBurst2 only for SSB-RO use.
Proposal 1: Option.2 is the preferred solution as it can keep rate matching function as well as resolve SSB-RO mismatch issue. Meanwhile operators can maintain full flexibility on SSB deployment.  
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