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Introduction
Regarding rate matching around SS block, RAN1 has already reached the following agreements.
	Agreements (RAN1 AH 1709):[1]
· 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 (RAN1 AH 1709):
· 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
Agreement (RAN1#90b):[2]
When SS block and PDSCH are scheduled in the same symbols, DMRS and SS block can be in a same symbol.
Above applies at least for the case where DMRS and SS block are not overlapping in the frequency domain
[bookmark: _Hlk495360026]Above applies at least for the case where SS block and DMRS are spatially QCL-ed
Above applies at least for the case where the same subcarrier spacing is used for SS block and DMRS



Meanwhile, we had this agreement on floating SS block, whose PRB grid is offset by a few subcarriers to the common PRB grid within a carrier.
	Agreements (RAN1 AH 1709):[1]
· The entire SS/PBCH block can offset from the resource block grid
· Indicate the offset of the SS/PBCH block in the BCH
· Offset is in the number of subcarriers of the SS/PBCH block numerology
· Send a reply LS to RAN4 – Asbjorn (Ericsson), which is drafted in R1-1716834, which is agreed in R1-1716906



In this contribution, we are going to discuss the problems of rate matching around SS block.

Discussion
0. Preliminary condition
Since it is agreed that if DMRS and SS block are on the same symbol, they are FDMed, there is no issue regarding PDSCH rate matching around SS block in that scenario. The case where SS block rate matching has impact is when DMRS and SS block are overlapping in frequency domain and TDMed in the time domain, shown in Figure 1.
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[bookmark: _Ref498505553]Figure 1 The case where PDSCH rate matching around SS block is considered

Impact from floating sync
There is misalignment between the PRB grid of SS block and the common PRB grid, shown in Figure 2. As seen from the  figure, there could be for example a 5-subcarrier offset on SS block with respect to common PRB grid. The problems is whether to map PDSCH on those 5 REs.
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[bookmark: _Ref498506565]Figure 2 Impact on PDSCH rate matching from floating sync

There are three alternatives to address the issue
· Alt.1 PDSCH is always mapped to the those REs 
· Alt.2 PDSCH is always rate matched around those REs
· Alt.3 gNB configures SS block as rate matching resources in addition to the bit-map indication whether SS block is transmitted or not.
Observation 1: Floating sync has an impact on PDSCH rate matching.
Different numerology
Since SS block may have a different numerology from PDSCH, the matching around SS block may be problematic since strong interference may occur, shown in Figure 3 and Figure 4.
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[bookmark: _Ref498508582]Figure 3 Impact on PDSCH rate matching from different numerology of SS block
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[bookmark: _Ref498508589]Figure 4 Subcarrier mapping on the border

When PDSCH has a larger SCS than SS block, the similar discussion can be carried out. To resolve this issue, there are also three alternatives
· Alt.1 PDSCH is always mapped to the those REs
· UE is aware of the interference from SS block in the soft decoding
· Alt.2 PDSCH is RB-level rate matched the PRB that SS block occupied
· Based on the nest structure of PRB grid across different numerologies.
· Alt. 3 gNB configures SS block as rate matching resources in addition to the bit-map indication whether SS block is transmitted or not.
· gNB may configure only the guard PRBs as rate matching resources
Observation 2: Different numerology between SS block and PDSCH may also have an impact on PDSCH rate matching.
Summary
Based on the observation, we think to offer flexibility, using RRC to configure the rate matching resources around SS block is desirable. It can reuse the RB-level rate matching configuration, to reduce the RRC impact. By default, PDSCH is RE-level rate matched around SS block.
Proposal 1: Support including SS block as RB-level rate matching resource configuration.
Proposal 2: By default, UE shall assume that PDSCH is RE-level rate matched around SS block.

Conclusion
In this contribution, we discussed the rate matching issue with respect to SS block, by taking floating sync and different numerology into consideration. Here are the observations and proposals
Observation 1: Floating sync has an impact on PDSCH rate matching.
Observation 2: Different numerology between SS block and PDSCH may also have an impact on PDSCH rate matching.
Proposal 1: Support including SS block as RB-level rate matching resource configuration.
Proposal 2: By default, UE shall assume that PDSCH is RE-level rate matched around SS block.
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