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During the October 20th to 29th Rel-18 RANP email discussion [RAN94e-R18Prep-22], companies discussed the potential justification and scope for Enhancement of NR Dynamic spectrum sharing (DSS). The moderator summary and draft WID are included in [1] and [2], respectively.
In this contribution, we provide our views on the Rel-18 NR DSS enhancement.
Enhancement of semi-static CRS rate matching
In the drafted WID [2], one potential enhancement aspect is to study and if needed specify NR PDCCH reception in symbols with LTE CRS REs. 
	The following objectives shall be included for improvement of NR spectrum efficiency for LTE-NR co-existence (RAN1):
· Study and if needed specify NR PDCCH reception in symbols with LTE CRS REs.
· Investigate the performance, and enable LTE CRS to puncture NR PDCCH and DMRS if there is the performance gain from the additional PDCCH resources.
[Other additional objective(s) can be added, if agreed]



As shown above, some additional objective(s) may need further discussion in this meeting. 
During the email discussion [RAN94e-R18Prep-22] as shown in the summary [1], some companies also suggested dynamic CRS rate matching pattern selection for PDSCH reception. However, the feasibility seems not clear compared with semi-statically configured CRS rate matching pattern selection considering how gNB could know the best CRS RM pattern in a timely way. Hence, we think it is reasonable to focus on semi-static CRS rate matching. 
However, according to the current Rel-17 specification [3][4], support of more than one semi-statically configured CRS rate matching patterns in a certain frequency range, i.e. more than one overlapping CRS patterns in frequency domain is infeasible if PDSCH transmission scheme is not multi-DCI based MTRP. 
-------------- 38.214 [3] start ----------------------
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific 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. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 in ServingCellConfig configuring cell-specific 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.
-	Each RateMatchPatternLTE-CRS 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 offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-------------- 38.214 [3] end ----------------------
--------------38.331 [4] start----------------------
ServingCellConfig ::=               SEQUENCE {
…
    lte-CRS-PatternList1-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
    lte-CRS-PatternList2-r16            SetupRelease { LTE-CRS-PatternList-r16 }                                OPTIONAL,   -- Need M
…

	lte-CRS-PatternList1
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH. The LTE CRS patterns in this list shall be non-overlapping in frequency. The network does not configure this field and lte-CRS-ToMatchAround simultaneously.

	lte-CRS-PatternList2
A list of LTE CRS patterns around which the UE shall do rate matching for PDSCH scheduled with a DCI detected on a CORESET with CORESETPoolIndex configured with 1. This list is configured only if CORESETPoolIndex configured with 1. The first LTE CRS pattern in this list shall be fully overlapping in frequency with the first LTE CRS pattern in lte-CRS-PatternList1, The second LTE CRS pattern in this list shall be fully overlapping in frequency with the second LTE CRS pattern in lte-CRS-PatternList1, and so on. Network configures this field only if the field lte-CRS-ToMatchAround is not configured and there is at least one ControlResourceSet in one DL BWP of this serving cell with coresetPoolIndex set to 1.


--------------38.331 [4] end ----------------------
Observation 1: Based on the current NR specification, support of two CRS rate matching patterns overlapping in frequency is infeasible if PDSCH transmission scheme is not multi-DCI based MTRP.

Meanwhile, in Rel-17 CRS -IM evaluation work in RAN4, in the following baseline evaluation case in Scenario 1 with DSS, in scheme#1 and scheme#2, Rel-16 CRS-RM for 1 interference cell in addition to the serving cell CRS rate matching is assumed regardless of MTRP or STRP PDSCH transmission scheme. It seems assumed that two CRS rate matching patterns overlapping in frequency have been evaluated in RAN4 as following.
Table 1: RAN4 evaluation assumption for Rel-17 CRS-IM [5]
	Scenario 1 (DSS scenario)
	Reference scheme
	Rel-15 serving cell CRS-RM without interference cell CRS handling

	
	Scheme #1
	Rel-16 CRS-RM for 1 interference cell (The rate matched CRS is always the first dominant interference)

	
	Scheme #2 (Optional)
	Rel-16 CRS-RM for 1 interference cell (The rate matched CRS is NOT always the first dominant interference. i.e. 50% probability for rate matching (RM) for the first dominant interference and 50% probability for RM for the second dominant interference)

	
	Scheme #3
	Rel-15 RB symbol level CRS-RM for 2 interference cells

	
	Scheme #4
	CRS-IC with network assistance

	
	Scheme #5
	CRS-IC without network assistance

	
	Scheme #6
	LLR weighting with network assistance

	
	Scheme #7
	LLR weighting without network assistance



Observation 2: Two CRS rate matching patterns overlapping in frequency have been evaluated in RAN4.
As shown in Figure 1, for UEs at the cell edge which may be suffering serious interference from at least one neighbouring cell LTE CRS, it is beneficial to support two overlapping CRS rate matching patterns from RAN1/2 specification perspective no matter PDSCH transmission scheme is multi-DCI based MTRP, single-DCI based MTRP or single-TRP. 
[image: ]
Figure 1 Interference from two LTE cells’ CRS
Proposal 1: Support two overlapping CRS patterns (still semi-statically configured) in the cases without configuring multi-DCI based MTRP.
In our view, the specification effort for proposal 1 will be very limited since the lists of CRS pattern introduced in Rel-16 can be reused. The potential spec change is just to remove the restriction of the current specification in which two overlapping CRS patterns are only allowed for multi-DCI based MTRP. 
Based on the above analysis and corresponding proposal in section 2, we suggest the WID with some modifications as described in section 3.
WID modification
	The following objectives shall be included for improvement of NR spectrum efficiency for LTE-NR co-existence (RAN1):
· Study and if needed specify NR PDCCH reception in symbols with LTE CRS REs.
· Investigate the performance, and enable LTE CRS to puncture NR PDCCH and DMRS if there is the performance gain from the additional PDCCH resources.
· Specify two overlapping CRS patterns (still semi-statically configured) in the cases without configuring multi-DCI based MTRP
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