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1 Introduction
Regarding DSS operation, following is captured in RAN1#99 meeting [1] for further discussions.

DSS CRS rate matching
Proposal: For LTE CRS rate matching, UE can be configured with an offset value representing the offset in number of subframes between LTE and NR frame boundary.
Revisit in next meeting

This contribution discusses the remaining issues for DSS.
2 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 in n41 band SSB case A is always collide with LTE CRS symbols regardless of the number of CRS ports and SSB case C collides with LTE CRS symbols in LTE 4 port CRS configuration case. More details are can be found in Appendix.
To resolve this issue we suggest following proposal: 
Proposal: Adopt the following options to support TDD band LTE/NR spectrum sharing:
· 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.
Proposed TP for TS 38.214 [2]
	5.1.4.2   PDSCH resource mapping with RE level granularity
==================================== Text omitted ====================================
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. The configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the LTE carrier centre subcarrier location determined by offset from (reference) point A, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration and frame-offset representing an offset in number of subframes between LTE and NR frame boundary. A UE determines the CRS position within the slot according to Subclause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe.


3 Conclusion
The proposals made in this contribution are summarized below:
Proposal: Adopt the following options to support TDD band LTE/NR spectrum sharing:
· 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
The corresponding TP is provided in Section 2.
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Appendix 1: Details on the 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)
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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’.
[image: ]
[image: ]
Figure 3: NR SSB candidate position for B41/n41 DSS with LTE/NR frame offset
Appendix 2: Consideration on TP for TS 38.331
[bookmark: _Toc20426075]–	RateMatchPatternLTE-CRS
The IE RateMatchPatternLTE-CRS is used to configure a pattern to rate match around LTE CRS. See TS 38.214 [19], clause 5.1.4.2.
RateMatchPatternLTE-CRS information element
-- ASN1START
-- TAG-RATEMATCHPATTERNLTE-CRS-START

RateMatchPatternLTE-CRS ::=         SEQUENCE {
    carrierFreqDL                       INTEGER (0..16383),
    carrierBandwidthDL                  ENUMERATED {n6, n15, n25, n50, n75, n100, spare2, spare1},
mbsfn-SubframeConfigList            EUTRA-MBSFN-SubframeConfigList                                          OPTIONAL,   -- Need M
    frame-offset                         INTEGER (-9..9),            OPTIONAL,   -- Need M
    nrofCRS-Ports                       ENUMERATED {n1, n2, n4},
    v-Shift                             ENUMERATED {n0, n1, n2, n3, n4, n5}
}

-- TAG-RATEMATCHPATTERNLTE-CRS-STOP
-- ASN1STOP


	[bookmark: _Hlk535949042]RateMatchPatternLTE-CRS field descriptions

	carrierBandwidthDL
BW of the LTE carrier in number of PRBs (see TS 38.214 [19], clause 5.1.4.2).

	carrierFreqDL
Center of the LTE carrier (see TS 38.214 [19], clause 5.1.4.2).

	mbsfn-SubframeConfigList
LTE MBSFN subframe configuration (see TS 38.214 [19], clause 5.1.4.2).

	frame-offset
Offset between LTE and NR frame boundary. Offset = T_NR SFN#0 – T_LTE SFN#0.

	nrofCRS-Ports
Number of LTE CRS antenna port to rate-match around (see TS 38.214 [19], clause 5.1.4.2).

	v-Shift
Shifting value v-shift in LTE to rate match around LTE CRS (see TS 38.214 [19], clause 5.1.4.2).
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- RateMatchPatternLTE-CRS
‘The IE RateMatchPatternLTE-CRS is used to configure a patter to rate match around LTE CRS. See TS 38.214 [19], clause 5.14.2.
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