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Introduction
RAN#84 endorsed the following proposal on how to handle dynamic spectrum sharing enhancements in Rel-16 in [1]:
	· The following enhancements for dynamic spectrum sharing will be done as part of TEI16 in RAN1
· [bookmark: _Hlk13482634]Introduce PDSCH Type B mapping of length 9 and 10 OFDM symbols where the positions of DMRS are defined or can be configured so they do not collide with symbols containing LTE CRS
· [bookmark: _Hlk13495102]Extend the higher layer configuration of LTE-CRS rate matching pattern to multiple rate matching patterns to support multiple LTE carriers within an NR carrier
· RAN1 will decide on a reasonable limit for the number of rate matching patterns to be supported
· The LTE-CRS rate matching patterns are applicable to 15 kHz SCS
· Signaling to be defined by RAN2
· The work will take place and be completed in Q3
· CRs will be prepared once Rel-16 specifications will be available



The RAN#84 draft meeting report also notes a RAN2 chairman’s statement: “RAN2 will not work on this before RAN2 receives an LS from RAN1” [2].
RAN1 modifications needed for the agreed DSS enhancements
 	DMRS locations in additional Type B mapping lengths
Introduce PDSCH Type B mapping of length 9 and 10 OFDM symbols where the positions of DMRS are defined or can be configured so they do not collide with symbols containing LTE CRS
As it happens, NR-U had already agreed to extend the Type B mapping lengths in RAN1#97 to support lengths of 2…13 symbols with 14-symbol support as FFS [3]. What remains is the determination of the DMRS symbol locations in such a away that they do not collide with the LTE CRS, and of course making sure that these allocation durations are not earmarked for NR-U operation only.
	Agreement:
· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 
· FFS: A duration of 14
· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)
· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.
· FFS: Some duration(s) are mandatory for the UE to support for initial access
· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 
· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI
· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15



Changes needed to TS38.214 to extend the different Type B PDSCH durations are limited to the table 5.1.2.1-1 [4]
	[bookmark: _Hlk508617520]Table 5.1.2.1-1: Valid S and L combinations
	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
(Note 1)
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
(Note 1)
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}

	Note 1:	S = 3 is applicable only if dmrs-TypeA-Position = 3







The 36.211 figure 6.10.1.2-1 shows the LTE CRS structures. With 4-Tx CRS the symbol numbers 2, 3, 5, 6, 9, 10, 12 and 13 are free from CRS and could house the NR DMRS [5].

	

Figure 6.10.1.2-1. Mapping of downlink reference signals (normal cyclic prefix)



When determining the additional DMRS symbol locations for PDSCH Type B allocations, the PUSCH Type B DMRS location seems like the natural choice, where when it does not conflict with the LTE CRS.
Proposal 1: Adopt the additional DMRS positions defined for Type B PUSCH for the new Type B PDSCH lengths in all cases where CRS avoidance does not set a differing requirement.
As the PDSCH type B DMRS locations are defined relative to the PDSCH starting location. Figure 1 and 2 look at the useful PDSCH start positions to determine the practical second DMRS location in relation with the LTE CRS. The useful new durations for dynamic spectrum sharing with LTE are 8, 9, 10 and 11 symbol Type B PDSH durations. Durations of 8 and 10 symbols can use directly the Type B PUSCH DMRS locations, while 9 and 11 symbols would need to shift the second DMRS to work with the 15 kHz sharing case. It is possible to find a location for the additional RS that fits both 15 and 30 kHz SCS sharing cases.
[image: ]
Figure 1: Type B PDSCH with one additional DMRS symbol for 15-kHz NR
[image: ]
Figure 2: Type B PDSCH with one additional DMRS symbol for 30-kHz NR

Proposal 2: For the new Type B PDSCH durations, for one additional DMRS symbol, the DMRS location for durations of 9 and 11 symbols adopt the following, while all other lengths use the Type B PUSCH DMRS locations
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	

	
	
	

	11
	

	
	
	




Figures 3 and 4 look at 2 additional DMRS symbol cases for the relevant Type B PDSCH durations. It is still possible to find the DMRS positions that avoid colliding with the LTE CRS symbols in the identified scenarios that satisfy both the 15 and 30 kHz SCS cases. This time all the lengths, 8, 9, 10, 11 need to move the additional DMRS relative to what has been specified for the uplink, and none of the cases look optimal for the performance.
[image: ]
Figure 3: Type B PDSCH with two additional DMRS symbol for 15-kHz NR
[image: ]
Figure 4: Type B PDSCH with two additional DMRS symbol for 30-kHz NR

Proposal 3: Decide if the case of two additional DMRS symbols should be optimized for LTE CRS rate matching
Proposal 4: If the two additional DMRS symbol case is to be optimized for DMRS rate matching: For the new Type B PDSCH durations, for two additional DMRS symbol, the DMRS location for durations of 8 to 11 symbols adopt the following, while all other lengths use the Type B PUSCH DMRS locations.
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	8
	

	
	
	

	9
	

	
	
	

	10
	

	
	
	

	11
	

	
	
	



Proposal 5: Agree that the case of three additional DMRS symbols is not optimized for LTE CRS rate matching

	Multiple LTE-CRS rate matching patterns within an NR carrier
Extend the higher layer configuration of LTE-CRS rate matching pattern to multiple rate matching patterns to support multiple LTE carriers within an NR carrier
· RAN1 will decide on a reasonable limit for the number of rate matching patterns to be supported
· The LTE-CRS rate matching patterns are applicable to 15 kHz SCS
· Signaling to be defined by RAN2
When deploying e.g. a 50 MHz NR carrier on a band that is already deployed with several LTE carriers one could just configure multiple LTE CRS rate matching patterns for the NR carrier to be able to determine the correct rate matching pattern to avoid the LTE CRS. As it happens the NR Rel-15 RRC is only able to configure one LTE-CRS rate matching pattern for a given carrier as shown in the TS38.331 excerpts below.
TS38.331 Serving Cell Config information element [8]
	[bookmark: _Toc12718395]–	ServingCellConfig
The IE ServingCellConfig is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts). Reconfiguration between a PUCCH and PUCCHless SCell is only supported using an SCell release and add.
ServingCellConfig information element
-- ASN1START
-- TAG-SERVINGCELLCONFIG-START

ServingCellConfig ::=               SEQUENCE {
[UNINTERESTING PART REMOVED]
    ...,
    [[
    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                                OPTIONAL,   -- Need M
    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern       OPTIONAL,   -- Need N
    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId     OPTIONAL,   -- Need N
    downlinkChannelBW-PerSCS-List       SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S
    ]]
}
[UNINTERESTING PART REMOVED]




TS38.331 Rate Matching Pattern LTE-CRS information element within the Serving Cell Config [8]
	[bookmark: _Toc12718366]–	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
    nrofCRS-Ports                       ENUMERATED {n1, n2, n4},
    v-Shift                             ENUMERATED {n0, n1, n2, n3, n4, n5}
}

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




RAN1 would need to determine a reasonable limit for the number of LTE CRS rate matching patterns the RRC should be able to have in order to support for several narrower bandwidth LTE carriers within one wider bandwidth NR carrier. As it happens, multi-TRP/panel transmission enhancements made already a following agreement in RAN1#97 [3]. This was of course intended to support multiple TRPs that each operate on the same carrier but have a different LTE Physical Cell ID. 
	Agreement
For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, support following enhancements: 
· For LTE CRS, extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell
· FFS: Whether/how they apply to one or multiple CRS patterns per PDSCH
· FFS: Whether/how it is applied to single DCI based NCJT



Therefore the total number of LTE CRS rate matching patterns supported within a single NR carrier should suport separately N TRPs in space and M narrower bandwidth LTE carriers. N needs to be determined by the multi-TRP session. For the value of M, 3 is probably a reasonable practical number covering most likely use cases (e.g. 20+20+10 MHz LTE carriers in a 50 MHz NR carrier). On the other hand, theoretically up to M=5 would be needed to support all reasonable possibilities allowed by the specifications (e.g. 5 x 10MHz LTE in 50 MHz, or 5 x 20 MHz in 100 MHz). M=4 is probably a reasonable compromise, allowing some leeway beyond the most likely case to allow for some reasonable future-proofing. 
Proposal 6: The multi-TRP dimension should be taken into account, supporting separately N TRPs in space and M narrower bandwidth LTE carriers within a single wider bandwidth NR carrier (i.e. RRC should be able to support a total of M x N LTE CRS rate matching patterns within a single NR carrier), where
· M is up to 4
· N is FFS and to be determined by the multi-TRP/panel enhancements.
Proposal 7: Send an LS to RAN2 informing them of the RAN1 agreement. 
Conclusions
For LTE-CRS rate matching compatibility with new Type B PDSCH lengths,
Proposal 1: Adopt the additional DMRS positions defined for Type B PUSCH for the new Type B PDSCH lengths in all cases where CRS avoidance is required.
Proposal 2: For the new Type B PDSCH durations, for one additional DMRS symbol, the DMRS location for durations of 9 and 11 symbols adopt the following, while all other lengths use the Type B PUSCH DMRS locations
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	

	
	
	

	11
	

	
	
	


Proposal 3: Decide if the case of two additional DMRS symbols should be optimized for LTE CRS rate matching
Proposal 4: If the two additional DMRS symbol case is to be optimized for DMRS rate matching: For the new Type B PDSCH durations, for two additional DMRS symbol, the DMRS location for durations of 8 to 11 symbols adopt the following, while all other lengths use the Type B PUSCH DMRS locations.
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	8
	

	
	
	

	9
	

	
	
	

	10
	

	
	
	

	11
	

	
	
	



Proposal 5: Agree that the case of three additional DMRS symbols is not optimized for LTE CRS rate matching

For support of multiple narrower bandwidth LTE carriers within a single wider bandwidth NR carrier:
Proposal 6: The multi-TRP dimension should be taken into account, supporting separately N TRPs in space and M narrower bandwidth LTE carrier within a single wider bandwidth NR carrier (i.e. RRC should be able to support a total of M x N LTE CRS rate matching patterns within a single NR carrier), where
· M is up to 4
· N is FFS and to be determined by the multi-TRP/panel enhancements.
Proposal 7: Send an LS to RAN2 informing them of the RAN1 agreement. 
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Annex – PDSCH DMRS locations in TS38.211 [6]
[bookmark: _Toc11324560]7.4.1.1.2	Mapping to physical resources
The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or configuration type 2 as given by the higher-layer parameter dmrs-Type.


The UE shall assume the sequence  is scaled by a factor  to conform with the transmission power specified in [6, TS 38.214] and mapped to resource elements  according to




where , , and  are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are fulfilled:
-	the resource elements are within the common resource blocks allocated for PDSCH transmission

The reference point for  is 
-	subcarrier 0 of the lowest-numbered resource block in CORESET 0 if the corresponding PDCCH is associated with CORESET 0 and Type0-PDCCH common search space and is addressed to SI-RNTI;
-	otherwise, subcarrier 0 in common resource block 0 


The reference point for  and the position  of the first DM-RS symbol depends on the mapping type:
-	for PDSCH mapping type A: 

-	 is defined relative to the start of the slot


-	if the higher-layer parameter dmrs-TypeA-Position is equal to 'pos3' and  otherwise
-	for PDSCH mapping type B: 

-	 is defined relative to the start of the scheduled PDSCH resources

-	 

The position(s) of the DM-RS symbols is given by  and duration  where
-	for PDSCH mapping type A,  is the duration is between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PDSCH resources in the slot 
-	for PDSCH mapping type B,  is the duration is the number of OFDM symbols of the scheduled PDSCH resources
[bookmark: _Hlk500881005][bookmark: _Hlk512350165]and according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. The case dmrs-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2'. For PDSCH mapping type A,  and  symbols in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 respectively is only applicable when dmrs-TypeA-Position is equal to 'pos2'. For PDSCH mapping Type A single-symbol DM-RS,  except if all of the following conditions are fulfilled in which case :
-	the higher-layer parameter lte-CRS-ToMatchAround is configured and any PDSCH DM-RS symbol conincides with any symbol containing LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround; and
-	the higher-layer parameters dmrs-AdditionalPosition is equal to 'pos1' and ; and
-	the UE has indicated it is capable of additionalDMRS-DL-Alt 
For PDSCH mapping type B

-	if the PDSCH duration  is 2, 4, or 7 OFDM symbols for normal cyclic prefix or 2, 4, 6 OFDM symbols for extended cyclic prefix, and the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and
-	if the PDSCH duration  is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the second symbol,
-	if the PDSCH duration  is 4 symbols, the UE is not expected to receive a DM-RS symbol beyond the third symbol,
-	if the PDSCH duration  is 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix, 
-	the UE is not expected to receive the first DM-RS beyond the fourth symbol, and
-	if one additional single-symbol DM-RS is configured, the UE only expects the additional DM-RS to be transmitted on the 5th or 6th symbol when the front-loaded DM-RS symbol is in the 1st or 2nd symbol, respectively, of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not transmitted.
-	if the PDSCH duration  is 2 or 4 OFDM symbols, only single-symbol DM-RS is supported.
The time-domain index  and the supported antenna ports  are given by Table 7.4.1.1.2-5 where 
-	single-symbol DM-RS is used if the higher-layer parameter maxLength in the DMRS-DownlinkConfig IE is not configured
-	single-symbol or double-symbol DM-RS is determined by the associated DCI if the higher-layer parameter maxLength in the DMRS-DownlinkConfig IE is equal to 'len2'.
In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx. The UE may assume that DMRS ports associated with a PDSCH are QCL with QCL Type A, Type D (when applicable) and average gain.
The UE may assume that no DM-RS collides with the SS/PBCH block.
Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.
	
	
CDM group 
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1



Table 7.4.1.1.2-2: Parameters for PDSCH DM-RS configuration type 2.
	
	
CDM group 
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	2
	+1
	+1
	+1
	+1

	1003
	1
	2
	+1
	-1
	+1
	+1

	1004
	2
	4
	+1
	+1
	+1
	+1

	1005
	2
	4
	+1
	-1
	+1
	+1

	1006
	0
	0
	+1
	+1
	+1
	-1

	1007
	0
	0
	+1
	-1
	+1
	-1

	1008
	1
	2
	+1
	+1
	+1
	-1

	1009
	1
	2
	+1
	-1
	+1
	-1

	1010
	2
	4
	+1
	+1
	+1
	-1

	1011
	2
	4
	+1
	-1
	+1
	-1




Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	2
	3
	0
	1
	2
	3

	2
	-
	-
	-
	-
	

	

	
	

	3
	

	

	

	

	-
	-
	
	

	4
	

	

	

	

	

	

	
	

	5
	

	

	

	

	-
	-
	
	

	6
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	7
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	8
	

	
, 7
	
, 7
	
, 7
	-
	-
	
	

	9
	

	
, 7
	
, 7
	
, 7
	-
	-
	
	

	10
	

	
, 9
	
, 6, 9
	
, 6, 9
	-
	-
	
	

	11
	

	
, 9
	
, 6, 9
	
, 6, 9
	-
	-
	
	

	12
	

	
, 9
	
, 6, 9
	
, 5, 8, 11
	-
	-
	
	

	13
	

	
, 
	
, 7, 11
	
, 5, 8, 11
	-
	-
	
	

	14
	

	
, 
	
, 7, 11
	
, 5, 8, 11
	-
	-
	
	




Table 7.4.1.1.2-4: PDSCH DM-RS positions  for double-symbol DM-RS.
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	2
	0
	1
	2

	<4
	
	
	
	-
	-
	

	4
	

	

	
	-
	-
	

	5
	

	

	
	-
	-
	

	6
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	7
	

	

	
	

	

	

	8
	

	

	
	-
	-
	

	9
	

	

	
	-
	-
	

	10
	

	
, 8
	
	-
	-
	

	11
	

	
, 8
	
	-
	-
	

	12
	

	
, 8
	
	-
	-
	

	13
	

	
, 10
	
	-
	-
	

	14
	

	
, 10
	
	-
	-
	





Table 7.4.1.1.2-5: PDSCH DM-RS time index  and antenna ports .
	Single or double symbol DM-RS
	

	
Supported antenna ports 

	
	
	Configuration type 1
	Configuration type 2

	single
	0
	1000 – 1003
	1000 – 1005

	double
	0, 1
	1000 – 1007
	1000 – 1011
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