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Introduction
In this document, we discuss the potential Rel-18 WI on DSS Enhancements. Current status of objectives proposed by moderator in RP-212730 based on the [RAN94e-R18Prep-22] email discussion is as below.
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We propose to include the ‘Dynamic CRS rate-matching pattern switching via DCI’ feature as an additional objective (this was included in all three rounds of [RAN94e-R18Prep-22] discussion but removed late in the final round). We also propose some updates to the objective on PDCCH reception in symbols with LTE CRS.
Discussion
Dynamic CRS rate-matching pattern switching via DCI
As discussed in [RP-212420], currently, CRS rate-matching pattern can only be changed via RRC which limits flexibility compared to symbol/PRB level rate-matching that can be adapted by DCI based L1 signaling. To increase the flexibility of DSS for potential future enhancements, dynamic CRS rate-matching pattern switching via DCI should be supported for Rel18.
Dynamic switching via DCI is beneficial e.g., for CRS interference avoidance, where a second CRS rate-matching pattern can be used to rate-match around strong interference. In common deployments, the level of CRS interference and the strongest interferer itself (i.e., v-shift) can change (as shown by evaluation results in [RP-212420]). Without DCI-based switching, frequent RRC signaling to turn on/off rate-matching or to match the pattern of strongest interferer is needed, which is undesirable. 
Given DCI based switching is already supported in the specs, dynamic CRS rate-matching pattern switching via DCI can be enabled by reusing the existing mechanisms with relatively straightforward minor spec changes as shown in the example TPs (for 38.214 and 38.331) in Annex A.
Proposal 1: Include below objective on dynamic CRS rate-matching pattern switching via DCI for the Rel18 DSS WI
· Support DCI based dynamic adaptation of rate-matching around LTE CRS pattern (s)
· Current CRS rate matching specifications and already existing DCI fields should be reused when viable
NR PDCCH reception in symbols overlapping with LTE CRS
For the objective on PDCCH reception in symbols overlapping with LTE CRS, we propose below updates
· Study and if needed specify Support 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.
· Note: The UE is not required to rate-match NR PDCCH and corresponding DMRS around LTE CRS for this objective
As shown by example spec updates in Annex B1, the support can be enabled by imply removing the existing restrictions in 38.213. Simulation results shown in Annex B2 show the expected gains by removing this restriction. 
Overall, due to expected benefits in practical deployments, very limited RAN1 specification impact, we do not believe that a study phase is motivated for this objective especially if only a limited number of TUs are allocated for this work.
Proposal 2: Update the objective on PDCCH reception in symbols overlapping with LTE CRS as below
· Study and if needed specify Support 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.
· Note: The UE is not required to rate-match NR PDCCH and corresponding DMRS around LTE CRS for this objective
Conclusions
In this document we discuss the potential Rel-18 WI on DSS Enhancements and propose the following
Proposal 1: 
Include below objective on dynamic CRS rate-matching pattern switching via DCI for the Rel18 DSS WI
· Support DCI based dynamic adaptation of rate-matching around LTE CRS pattern (s)
· Current CRS rate matching specifications and already existing DCI fields should be reused when viable
Proposal 2: 
Update the objective on PDCCH reception in symbols overlapping with LTE CRS as below
· Study and if needed specify Support 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.
· Note: The UE is not required to rate-match NR PDCCH and corresponding DMRS around LTE CRS for this objective
Annex A: Example spec updates for supporting dynamic CRS rate-matching patterns switching via DCI

<changes to 38.214, subclause 5.1.4.1>
5.1.4.1	PDSCH resource mapping with RB symbol level granularity and dynamic RE level granularity
The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of rateMatchPatternGroup1DCI-1-2, rateMatchPatternGroup2DCI-1-2 instead of rateMatchPatternGroup1 and rateMatchPatternGroup2.
A UE may be configured with any of the following higher layer parameters indicating REs declared as not available for PDSCH:
-	rateMatchPatternToAddModList given by PDSCH-Config, by ServingCellConfig or by ServingCellConfigCommon and configuring up to 4 RateMatchPattern(s) per BWP and up to 4 RateMatchPattern(s) per serving-cell. A RateMatchPattern may contain:
-	within a BWP, when provided by PDSCH-Config or within a serving cell when provided by ServingCellConfig or ServingCellConfigCommon, a pair of reserved resources with numerology provided by higher layer parameter subcarrierSpacing given by RateMatchPattern when configured per serving cell or by numerology of associated BWP when configured per BWP. The pair of reserved resources are respectively indicated by an RB level bitmap (higher layer parameter resourceBlocks given by RateMatchPattern) with 1RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters symbolsInResourceBlock given by RateMatchPattern) for which the reserved RBs apply. A bit value equal to 1 in the RB and symbol level bitmaps indicates that the corresponding resource is not available for PDSCH. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern (higher layer parameter periodicityAndPattern given by RateMatchPattern), where each bit of periodicityAndPattern corresponds to a unit equal to a duration of the symbol level bitmap, and a bit value equal to 1 indicates that the pair is present in the unit. The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum of 40 msec. The first symbol of periodicityAndPattern every 40 msec/P periods is a first symbol in frame  mod 4 = 0, where P is the duration of periodicityAndPattern in units of msec. When periodicityAndPattern is not configured for a pair, for a symbol level bitmap spanning two slots, the bits of the first and second slots correspond respectively to even and odd slots of a radio frame, and for a symbol level bitmap spanning one slot, the bits of the slot correspond to every slot of a radio frame. The pair can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2). The rateMatchPatternToAddModList given by ServingCellConfig or ServingCellConfigCommon configuration in numerology µ applies only to PDSCH of the same numerology µ.
-	within a BWP, a frequency domain resource of a CORESET configured by ControlResourceSet with controlResourceSetId or ControlResourceSetZero and time domain resource determined by the higher layer parameters monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot of all search-space-sets configured by SearchSpace and time domain resource of search-space-set zero configured by searchSpaceZero associated with the CORESET as well as CORESET duration configured by ControlResourceSet with controlResourceSetId or ControlResourceSetZero. This resource not available for PDSCH can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2).
-	within a serving cell when provided by ServingCellConfig, REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList3-r18 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. 
-	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.
A configured group rateMatchPatternGroup1 or rateMatchPatternGroup2 contains a list of indices of RateMatchPattern(s) forming a union of resource-sets not available for a PDSCH dynamically if a corresponding bit of the 'Rate matching indicator' field of the DCI format 1_1 scheduling the PDSCH is equal to 1. The REs corresponding to the union of resource-sets configured by RateMatchPattern(s) that are not included in either of the two groups are not available for a PDSCH scheduled by a DCI format 1_0, a PDSCH scheduled by a DCI format 1_1, and PDSCHs with SPS. When receiving a PDSCH scheduled by a DCI format 1_0 or PDSCHs with SPS activated by a DCI format 1_0, the REs corresponding to configured resources in rateMatchPatternGroup1 or rateMatchPatternGroup2, except for configured resources in lte-CRS-PatternList3-r18, are not available for the scheduled PDSCH or the activated PDSCHs with SPS. When receiving PDSCHs with SPS activated by a DCI format 1_1, the REs corresponding to configured resources in rateMatchPatternGroup1 or rateMatchPatternGroup2 are not available for the PDSCHs with SPS if a corresponding bit of the Rate matching indicator field of the DCI format 1_1 activating the PDSCHs with SPS is equal to 1.
For a bitmap pair included in one or two groups of resource sets, the dynamic indication of availability for PDSCH applies to a set of slot(s) where the rateMatchPatternToAddModList is present among the slots of scheduled PDSCH.
If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol and if a detected PDCCH scheduling the PDSCH has aggregation level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH.
If a PDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the resources corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for the PDSCH. When precoderGranularity configured in a CORESET where the PDCCH was detected is set to 'allContiguousRBs', the associated PDCCH DM-RS are DM-RS in all REGs of the CORESET. Otherwise, the associated DM-RS are the DM-RS in REGs of the PDCCH.

<changes to 38.331>
RateMatchPattern ::=                SEQUENCE {
    rateMatchPatternId                  RateMatchPatternId,

    patternType                         CHOICE {
        bitmaps                             SEQUENCE {
            resourceBlocks                      BIT STRING (SIZE (275)),
            symbolsInResourceBlock              CHOICE {
                oneSlot                             BIT STRING (SIZE (14)),
                twoSlots                            BIT STRING (SIZE (28))
            },
            periodicityAndPattern               CHOICE {
                n2                                  BIT STRING (SIZE (2)),
                n4                                  BIT STRING (SIZE (4)),
                n5                                  BIT STRING (SIZE (5)),
                n8                                  BIT STRING (SIZE (8)),
                n10                                 BIT STRING (SIZE (10)),
                n20                                 BIT STRING (SIZE (20)),
                n40                                 BIT STRING (SIZE (40))
            }                                                                                           OPTIONAL,   -- Need S
            ...
        },
        controlResourceSet                  ControlResourceSetId
    },
    subcarrierSpacing                   SubcarrierSpacing                                               OPTIONAL,   -- Cond CellLevel
    dummy                               ENUMERATED { dynamic, semiStatic },
    ...,
    [[
    controlResourceSet-r16              ControlResourceSetId-r16                                        OPTIONAL    -- Need R
    ]],
    [[
    lte-CRS-PatternList3-r18            LTE-CRS-PatternList-r16                                         OPTIONAL    -- Need R

    ]]

}

	lte-CRS-PatternList3
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. 
If the network configures this field it sets patternType to controlResourceSet but the UE shall ignore that value. 
If the network configures this field it does not configure controlResourceSet-r16.


Annex B1: Example spec updates for supporting NR PDCCH reception in symbols with CRS
The specification impact of introducing PDCCH reception in symbols overlapping with CRS is, as previous stated. We believe that only two minor modifications to 38.213, subclause 10 and 10.1, are needed. These are marked with red below

<changes to 38.213, subclause 10>
10	UE procedure for receiving control information
<unchanged parts omitted>

If a UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure described in clause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell. 
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate.
If a UE is provided availableRB-SetsPerCell, the UE is not required to monitor PDCCH candidates that overlap with any RB from RB sets that are indicated as unavailable for receptions by an available RB set indicator field in DCI format 2_0 as described in clause 11.1.1. If the UE does not obtain the available RB set indicator for a symbol, the UE monitors PDCCH candidates on all RB sets in the symbol.

<unchanged parts omitted>

<changes to 38.213, subclause 10.1>
10.1	UE procedure for determining physical downlink control channel assignment
<unchanged parts omitted>
For each CORESET, the UE is provided the following by ControlResourceSet:
-	a CORESET index , by controlResourceSetId  or by controlResourceSetId-v1610, where 
-	 if coresetPoolIndex is not provided, or if a value of coresetPoolIndex is same for all CORESETs if coresetPoolIndex is provided;
-	 if coresetPoolIndex is not provided for a first CORESET, or is provided and has a value 0 for a first CORESET, and is provided and has a value 1 for a second CORESET;
-	a DM-RS scrambling sequence initialization value by pdcch-DMRS-ScramblingID;
-	a precoder granularity for a number of REGs in the frequency domain where the UE can assume use of a same DM-RS precoder by precoderGranularity;
-	a number of consecutive symbols provided by duration; 
-	a set of resource blocks provided by frequencyDomainResources;
-	CCE-to-REG mapping parameters provided by cce-REG-MappingType;
-	an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by TCI-State, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception in a respective CORESET;
-	an indication for a presence or absence of a transmission configuration indication (TCI) field for a DCI format, other than DCI format 1_0, that schedules PDSCH receptions or indicates SPS PDSCH release or indicates SCell dormancy or indicates a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH and is transmitted by a PDCCH in CORESET , by tci-PresentInDCI or tci-PresentDCI-1-2.
When precoderGranularity = allContiguousRBs, a UE does not expect 
-	to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks that are not contiguous in frequency
-	any RE of a CORESET to overlap with any RE determined from lte-CRS-ToMatchAround, or from LTE-CRS-PatternList, or with any RE of a SS/PBCH block
<unchanged parts omitted>
Annex B2: Evaluation of NR PDCCH reception in symbols with CRS

Currently, UEs are not expected to decode NR PDCCH that overlaps with LTE CRS. This limits PDCCH capacity in DSS deployments, as symbol 0 and 1 cannot be used for PDCCH if the CRS is transmitted on four ports. Removing the restriction that UEs are not expected to decode PDCCH in symbols that overlap with LTE CRS can increase PDCCH capacity. 
NR PDCCH could then be transmitted in symbols overlapping with LTE CRS, with the CRS puncturing the PDCCH and DMRS. This will naturally impact the decoding performance of the PDCCH, as shown in Figure 2. 1 symbol (solid blue) corresponds to PDCCH transmitted only in symbol 2, while 2 symbol (dashed red) corresponds to PDCCH transmitted in symbol 1 and 2, where the PDCCH is punctured by CRS in symbol 1. The simulations are for a DCI payload of 55 bits excluding CRC.
Assuming the SINR distribution in Figure 3 (a low-band UMA scenario), the decrease in PDCCH decoding performance corresponds to an increase in average number of CCEs per DCI of 28% (5.8 CCEs for PDCCH in symbol 2 and 7.4 CCEs for PDCCH in symbol 1 and 2). However, allowing PDCCH in two symbols results in 67% more resources for PDCCH (one third of the resources in symbol 1 are occupied by CRS). The net expected gain in PDCCH capacity is then approximately i.e. 31%. 
[image: ]
Figure B2-1 NR PDCCH decoding performance
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Figure B2-2 Example SINR distribution


Table B2-1 Simulation settings, link level

	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz 

	Bandwidth 
	20 MHz

	Channel model
	TDL-A

	Delay spread
	100 ns

	UE speed
	3 km/h

	Correlation
	Medium

	Number of BS antennas
	4 Tx (Two cross-polarized antenna pairs)

	Number of UE antennas
	2 Rx (One cross-polarized antenna pair)

	Channel estimation
	Practical. No special handling for punctured REs

	Receiver type
	MRC

	DMRS
	Type A, 1+1 symbol, no FDM with data

	CRS 
	4 port CRS

	DCI payload (excluding CRC)
	55 bits

	Interleaving
	Interleaved

	Precoding
	Precoder cycling per REG bundle

	REG bundle size
	6 PRBS



Table B2-2 Simulation settings, system level

	Parameters
	Values

	Carrier frequency
	2 GHz

	SCS
	15 kHz

	Simulation bandwidth 
	20 MHz

	BS antenna height
	25 m

	UE height
	1.5m 

	TRP transmit power
	46 dBm for 10MHz

	Scenario
	Urban Macro

	ISD
	500m

	TRP antenna configuration
	(M,N,P,Mg,Ng;Mp,Np)= (2,8,2,1,1;1,1)

	UE antenna configuration
	(M,N,P,Mg,Ng;Mp,Np)= (1,1,2,1,1;1,1) 


	Device deployment
	80% indoor, 20% outdoor 

	UE speeds
	Indoor users: 3km/h

	
	Outdoor users (in-car): 30 km/h

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	UE noise figure
	9 dB

	Thermal noise level
	-174 dBm/Hz

	Traffic
	Full Buffer

	Macro sites
	19

	Downtilt
	102°

	Minimum BS to UE distance
	35m
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The following objectives shall be included for improvement of NR spectrum efficiency for LTE-NR co-existence
(RANI):
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