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1 Introduction
In this contribution, the 4th quarter Rel-16 TEI on SSB and rate matching pattern overlapping with PDSCH DMRS symbols raised in [1] is mainly discussed. In addition to this, a remaining issue on DSS is also discussed.
2 Rate matching pattern overlapping with PDSCH DMRS symbols
1 
2 
SSB and/or rate matching pattern covering all scheduled symbols 
Discussion point here is whether to implicitly indicate rate matching of all scheduled symbols with SSB and/or rate matching pattern partially covering scheduled symbols or not. Trade-off between two options here are UE complexity and network flexibility.
For SSB, configuring additional rate matching pattern can be considered to always to cover all PDSCH scheduled symbols. For general rate matching patterns, network may always ensure that all PDSCH scheduled symbols are covered by combination of rate matching patterns. While such configuration would certainly simplify UE operation, there may be an issue on network flexibility. Hence, we think such configuration is not necessary. 
One thing to note is impact on UE complexity of implicit indication. A Rel-15 UE can start DMRS channel estimation processing right after DCI decoding since the entire DMRS is preserved. With implicit indication, a UE needs to check if rate matching pattern overlaps with DMRS while DMRS TD pattern can depend on dynamic PDSCH allocation. Such dynamic nature affects a UE’s channel estimation processing time, and we would like to reduce the number of such condition checks before channel estimation. What we want to ensure is
1) The number of rate matching patterns which can overlap with DMRS should be limited, e.g, 1 per-BWP and 1-per cell, and RE-level rate matching pattern should not overlap with DMRS.
2) Indication to a UE (preferably semi static) regarding rate matching pattern which can overlap with DMRS is provided.
3) No additional rate matching pattern is configured compared with the current 4 per BWP and 4 per serving cell.

Proposal 1: If implicit indication for rate matching of all scheduled PDSCH symbols is utilized due to DMRS overlapping, then the following needs to be ensured. 
1) The number of rate matching patterns which can overlap with DMRS should be limited, e.g, 1 per-BWP and 1-per cell, and RE-level rate matching pattern should not overlap with DMRS.
2) Indication to a UE (preferably semi static) regarding rate matching pattern which can overlap with DMRS is provided.

Proposal 2: No additional rate matching pattern is configured compared with the current 4 per BWP and 4 per serving cell.

Consideration on PRG
SSB or rate matching pattern overlapping with DMRS would cause significant channel estimation complexity when wideband DMRS is utilized. Hence, SSB or rate matching pattern should not overlap with DMRS when it is wideband. Fractional PRG also causes a similar issue for channel estimation, and hence, fractional PRG should not be allowed when SSB or rate matching pattern overlap with DMRS.
Proposal 3: SSB or rate matching pattern should not overlap with DMRS when it is wideband. Fractional PRG should not be allowed when SSB or rate matching pattern overlap with DMRS.
3 Remaining issues for DSS
LTE TDD Band 41 is a widely deployed band operated in United States, China, Japan, etc. To consider efficient NR migration at band 41, dynamic spectrum sharing (DSS) in both DL and UL of LTE and NR is a feasible solution. In RAN4 WI [2], it was agreed to further support spectrum sharing in TDD band n41 in Rel-16. 
To avoid any non-backward compatibility issue, a new band n90 was introduced in RAN4, which adopted all features of band n41, as well as the following to support b41/n41 (i.e., b41/n90) spectrum sharing:
· 100kHz channel raster 
· Sync raster specification correction
· UL 7.5kHz frequency shift
It is observed that there is still issue for b41/n41 DSS operation in some typical deployment scenarios. Assuming that NR is configured with the same TDD structure as LTE, it is observed that n41 band SSB case A and C always collide with LTE CRS symbols in LTE 4 port CRS configuration case. To resolve this issue we suggest following proposal: 
Proposal 4: Adopt the following options to support TDD band LTE/NR spectrum sharing:
· Option 1: Support SSB case A (15kHz) with L=8 SSBs from 2.4GHz to allow SSB transmission in a LTE TDD candidate MBSFN subframe 
· Option 2: Add a new IE ‘LTE/NR frame offset (#subframes)’ under ‘RateMatchPatternLTE-CRS’ to allow NR UE figure out the LTE frame timing and proper MBSFN configurations.
More details are can be found in Appendix.
4 Conclusion
The proposals made in this contribution are summarized below:
Rate matching pattern overlapping with PDSCH DMRS symbols
Proposal 1: If implicit indication for rate matching of all scheduled PDSCH symbols is utilized due to DMRS overlapping, then the following needs to be ensured. 
1) The number of rate matching patterns which can overlap with DMRS should be limited, e.g, 1 per-BWP and 1-per cell, and RE-level rate matching pattern should not overlap with DMRS.
2) Indication to a UE (preferably semi static) regarding rate matching pattern which can overlap with DMRS is provided.

Proposal 2: No additional rate matching pattern is configured compared with the current 4 per BWP and 4 per serving cell.
Proposal 3: SSB or rate matching pattern should not overlap with DMRS when it is wideband. Fractional PRG should not be allowed when SSB or rate matching pattern overlap with DMRS.
Remaining issues for DSS
Proposal 4: Adopt the following options to support TDD band LTE/NR spectrum sharing:
· Option 1: Support SSB case A (15kHz) with L=8 SSBs from 2.4GHz to allow SSB transmission in a LTE TDD candidate MBSFN subframe 
· Option 2: Add a new IE ‘LTE/NR frame offset (#subframes)’ under ‘RateMatchPatternLTE-CRS’ to allow NR UE figure out the LTE frame timing and proper MBSFN configurations.
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Appendix: Remaining Issues for DSS
It is observed that there is still issue for b41/n41 DSS operation in some typical deployment scenarios. For example, LTE TDD configuration 2 and special subframe configuration 6 and 7 are widely deployed by operators. Assuming that NR is configured with the same TDD structure as LTE, it is observed that n41 band SSB case A and C always collide with LTE CRS symbols in LTE 4 port CRS configuration case. It is noted that the NR SSB candidate location subframes #0, #1, #5, and #6 cannot be configured as MBSFN in LTE, because these subframes include LTE essential DL signals/channels such as PSS/SSS/PBCH. The MBSFN candidate subframes in LTE TDD are #3, #4, #7, #8, and #9. 
One possible way is to consider extending the maximum number of SSBs for case A and hence it can allow at least one SSB to be located in a candidate MBSFN subframe. As shown in the example of Figure 2, with maximum 8 SSB for case A, two SSB candidates can be located in a MBSFN subframe, which allows NR SSB transmission without any CRS collision in LTE TDD DSS operations. 
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Figure 1: NR SSB candidate position for B41/n41 DSS in LTE TDD configuration 2 (Special subframe configuration 7)
[image: ]
Figure 2: Example of extended NR SSB candidate location
One may also think about to shift the NR frame a bit, which make its 1st subframe overlap with one potential MBSFN subframe in LTE, as shown in Figure 3. By this means, it is possible to configure subframe #3 as a MBSFN subframe in LTE, and therefore allow NR SSB transmission without CRS collision. However, another issue happens when NR UE perform LTE CRS rate matching. As the LTE CRS rate matching pattern configures MBSFN subframe #3, NR UE may misunderstand the MBSFN subframe #3 in its own subframe #3. Without the LTE/NR frame boundary offset information to NR UEs, there is a mismatch of MBSFN subframe, and non-MBSFN subframe which need perform CRS rate matching for NR PDSCH.
To allow NR UEs figure out the exact MBSFN subframe configuration, NR UE need to be know the LTE/NR frame offset information. This new IE can be added in the IE ‘RateMatchPatternLTE-CRS’.
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Figure 3: NR SSB candidate position for B41/n41 DSS with LTE/NR frame offset
In summary, the following is proposed to address the remaining issue of SSB transmission in TDD band LTE/NR spectrum sharing:
Proposal xx: Adopt the following options to support TDD band LTE/NR spectrum sharing:
· Option 1: Support SSB case A (15kHz) with L=8 SSBs from 2.4GHz to allow SSB transmission in a LTE TDD candidate MBSFN subframe 
· Option 2: Add a new IE ‘LTE/NR frame offset (#subframes)’ under ‘RateMatchPatternLTE-CRS’ to allow NR UE figure out the LTE frame timing and proper MBSFN configurations.
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