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Introduction
In the previous plenary, a TEI-16 for dynamic spectrum sharing (DSS) enhancements was agreed [1] with the following scope:
· The following enhancements for dynamic spectrum sharing will be done as part of TEI16 in RAN1
· 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
· 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
According to the Chairman’s guidance, the parts related to PDSCH Type B mapping will be discussed under NR-U agenda (since PDSCH Type B has been agreed to be supported for duration of 3 to 13) and is thus address in our contribution [2]. In this contribution we address the LTE-CRS rate matching pattern aspect of this TEI-16, but we also repeat our views for the Type B scheduling in this contribution, for completeness. 
Multiple LTE-CRS rate matching patterns
In Rel.15, the gNB may configure one RateMatchPatternLTE-CRS for each NR Serving Cell (see ServingCellConfig). This supports deployments where one NR cell overlaps one LTE serving cell. But if a wide NR serving cell overlaps several LTE serving cells, the network cannot inform the NR-connected UE about the CRS patterns of all but one LTE cell. This is the reason for the TEI-16. 
Based on our survey of available frequency bands across the world, and for operators where dynamic spectrum sharing is of interest, we have found that up to five LTE CRS patterns is useful to be specified for NR. We suggest to extend the ServingCellConfig with a list of LTE-CRS patterns. In addition, introduce a UE capability parameter by which the UE indicates whether it supports the additional RateMatchPatternLTE-CRS.
Hence, our proposal is

Introduce a new RRC parameter additionalLTE-CRS-ToMatchAroundList containing a list of up to five RateMatchPatternLTE-CRS in ServingCellConfig to support PDSCH rate matching around CRS of up to five different LTE carriers overlapping with the NR bandwidth. 

Changes to TS 38.331
In ASN.1 the change to support this proposal will in principle look as copied below although there are more changes than shown below for completeness. See our RAN2 contribution [3] for a draft CR including all the changes necessary to introduce this in TS 38.331. Note that we don’t see a need to add this new RRC parameter to ServingCellConfigCommon.

 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}
}

RateMatchPatternLTE-CRS-List ::=    SEQUENCE (SIZE (1..maxNrofAdditionalCRS-Patterns)) OF RateMatchPatternLTE-CRS

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


ServingCellConfig information element
-- ASN1START
-- TAG-SERVINGCELLCONFIG-START

ServingCellConfig ::=               SEQUENCE {
    tdd-UL-DL-ConfigurationDedicated    TDD-UL-DL-ConfigDedicated                                   OPTIONAL,   -- Cond TDD
    [..] 
    ,
	[[
	additionalLTE-CRS-ToMatchAroundList SetupRelease { RateMatchPatternLTE-CRS-List }                           OPTIONAL,   -- Need M
	]]
}[..]

-- TAG-SERVINGCELLCONFIG-STOP
-- ASN1STOP

	ServingCellConfig field descriptions

	additionalLTE-CRS-ToMatchAroundList
A list of additional LTE CRS patterns that the UE shall rate match around. The network may configure this field if the UE indicates support for additionalLTE-CRS-RateMatchingList. the network may configure this list in addition to or instead of the lte-CRS-ToMatchAround.





Changes to TS 38.214
In 38.214, the corresponding changes to reflect the new RRC parameter additionalLTE-CRS-ToMatchAroundList is needed as follows


[bookmark: _Toc11352095]5.1.4.2	PDSCH resource mapping with RE level granularity
A UE may be configured with any of the following higher layer parameters indicating REs declared as not available for PDSCH:
-	lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList in ServingCellConfig or ServingCellConfigCommon configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one or multiple LTE carrier in a serving cell. The configuration for each LTE carrier 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 of that carrier. 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.
Changes to TS 38.211
Likewise, the corresponding changes to TS 38.211 are

[bookmark: _Toc11324548]7.3.2.2	Control-resource set (CORESET)
[…]
for both interleaved and non-interleaved mapping, the UE may assume 
-	the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals sameAsREG-bundle; 
[bookmark: _Hlk498503446]-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList, if the higher-layer parameter precoderGranularity equals allContiguousRBs.

[bookmark: _Toc11324560]7.4.1.1.2	Mapping to physical 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: _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 or additionalLTE-CRS-ToMatchAroundList 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 or additionalLTE-CRS-ToMatchAroundList; and
-	the higher-layer parameters dmrs-AdditionalPosition is equal to 'pos1' and ; and
-	the UE has indicated it is capable of additionalDMRS-DL-Alt 

Changes to TS 38.213
Finally, the 38.213 also mentions this parameter in two places and we need a corresponding CR:

[bookmark: _Toc12021485]10	UE procedure for receiving control information
[..]
For monitoring of a PDCCH candidate in a slot
[bookmark: _Hlk493885951]-	If the UE has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.
-	If the UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure described in Subclause 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 on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList, the UE is not required to monitor the PDCCH candidate.
[…]

[bookmark: _Toc12021486][bookmark: _Ref491466492][bookmark: _Ref491451763]10.1	UE procedure for determining physical downlink control channel assignment 
[…]

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 additionalLTE-CRS-ToMatchAroundList or with any RE of a SS/PBCH block.

Conclusion
Our proposal is

Proposal 1 	Introduce a new RRC parameter additionalLTE-CRS-ToMatchAroundList containing a list of up to five RateMatchPatternLTE-CRS in ServingCellConfig to support PDSCH rate matching around CRS of up to five different LTE carriers overlapping with the NR bandwidth. 
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Appendix
Our contribution on Extension of PDSCH Type B to length 9 and 10 from our NR-U tdoc [2] is copied here below. Note that this belongs to the TEI-16 on DSS but will be discussed under agenda item 7.2.2.1.2.

-----*-----*-----*-----*-----*-----*-----*-----*-----*-----*-----*-----*-----*-----*-----*-----*

On using PDSCH Type B for DSS
[image: ]The motivation behind the new TEI-16 endorsed in [1] can be found in the plenary contribution [4]. The issue is that when using NR with DSS, there are unused OFDM symbols in the slot, see one example in Figure 1. It has been observed that introducing PDSCH Type B scheduling of length 9 and 10 can fill these gaps.  
[bookmark: _Ref16058135]Figure 1 When LTE-NR is sharing the carrier and two PDCCH symbols are used for NR PDCCH, then two symbols are not available for NR PDSCH which leads to a capacity loss for NR

When operating in DSS, it has to be ensured that the NR DMRS is not colliding with symbols containing LTE CRS, as also stated in the endorsed proposal [1]. Hence, one must first observe how the Type B is used in DSS, before one can assess where to place the DMRS to avoid the mentioned collision. Note that for PDSCH Type B, only zero and one additional DMRS is considered (i.e. dmrs-AdditionalPosition=’pos1’) hence collisions need only be considered for these cases.

The subcarrier spacings (SCS) of interest to operators using DSS are 15 and 30 kHz. Not that in case of 30 kHz SCS use case, there is no LTE CRS pattern defined to the NR UE, instead the network will use the NR feature of reserved resources on RB level and make those symbols containing LTE CRS unavailable for NR PDSCH mapping. 

On to the proposed solution for length 9 and 10 that fulfill the TEI-16 objective:

[bookmark: _Ref16062045]For length 9 and 10 PDSCH Type B scheduling with one additional DMRS, the position(s) of the DMRS is  and   for dmrs-AdditionalPosition = ‘pos0’ and ‘pos1’ respectively. Here   is the position of the first DMRS in the scheduled duration as in Rel-15, following the Rel-15 behaviour

[image: ][image: ]As can be seen below for 15 kHz SCS, this allows the full NR slot to be used for NR PDSCH (except the symbol already occupied by LTE CRS):Figure 2 For 15 kHz SCS, the proposed DMRS positions (red) are not colliding with the LTE CRS positions (black) while there are no empty symbols, hence fulfilling the objective

This proposal fulfills the objective also when used for 30 kHz SCS. In this case, there is an issue with every other slot as they contain the LTE PDCCH. Half of the slots can use Type A scheduling, and there is no issue. But slots containing the LTE PDCCH must use Type B scheduling to utilize all OFDM symbols for NR PDSCH. Figure 3 An example where NR Rel.15 is unable to use all OFDM symbols when operating in DSS due to the lack of PDSCH Type B of length 9 and 10


In this case, there are two alternatives, either a length 9 Type B is used, and NR PDSCH starts after the NR PDCCH, or a length 10 Type B is used and NR PDSCH starts in the same symbol as NR PDCCH (outside the CORESET frequency bands).  

 	[image: ]
[bookmark: _Ref16063297]Figure 4 The introduced length 9 and 10 Type B PDSCH with DMRS in symbol  fulfills the objective of TEI-16 enhancements, as there is no collissions between NR DMRS and symbosl containing LTE CRS
Performance of proposed DMRS positions
Evaluations have been performed to assess whether there would be any issues with the suggested DMRS positions of Proposal 2. In Figure 5, it can be seen that the performance is unaffected at low UE speed, when changing the position of the second DMRS. For 120 km/h on the other hand, the DMRS position matters and it seems that the proposed  gives the best throughput performance for both length 9 and length 10 PDSCH.

The proposed DMRS positions  is shown by evaluations to have the best throughput performance of all positions, for both PDSCH Type B of length 9 and length 10

 

[image: ][image: ]
[bookmark: _Ref16063312]Figure 5 Performance of PDSCH Type B of length 9 (left) and 10 (right) for various positions of the second DMRS, evaluated at low UE speed (3 km /h). The used SCS was 15 kHz and 30 kHz and the carrier frequency were 2 and 4 GHz for length 9 and 10 respectively.




[image: ]


Figure 6 Performance of PDSCH Type B of length 9 for various positions of the second DMRS, evaluated at higher UE speed (120 km/h), 2 GHz and 15 kHz SCS. 300, 300 ns delay spread.

[image: ]
Figure 7 Performance of PDSCH Type B of length 10 for various positions of the second DMRS, evaluated at higher UE speed (120 km/h), 4GHz and 30 kHz SCS, 30 ns delay spread



Proposal for DMRS patterns for all PDSCH Type B lengths
In this section, our proposal for DMRS patterns for all lengths are given, taking into account the discussion for DSS in the previous subsection. It is observed that for PUSCH, scheduling of length 3 to 14 is already supported and hence, the DMRS patterns used for PUSCH Type B can be reused for those entries where Rel.15 doesn’t already provide entries, except for those cases of length 9 and 10 where Type B can also be used for DSS. The principles used for the new durations are thus:

· Reuse DMRS positions from PUSCH Type B for the new PDSCH Type B durations except for length 9 and 10 where the DSS use case of TEI-16 governs the DMRS positions
· Reuse DMRS positions from PDSCH Type B with extended CP also for normal CP case, when applicable
· Both single and double symbol DMRS is supported for Type B scheduling of new durations (as they are for the Rel-15 durations)
· There is no need to introduce support for dmrs-AdditionalPosition=’pos2’ or ‘pos3’ cases as they are not supported in Rel.15, hence only design for ‘pos0’ and ‘pos1’ is needed
· For duration of 5 symbols and longer, and single-symbol DM-RS, one additional symbol is supported (dmrs-AdditionalPosition=’pos1’)
· For duration of 8 symbols and longer, and double-symbol DM-RS, one additional DM-RS symbol position is supported (dmrs-AdditionalPosition=’pos1’)
· For duration of 5 symbols and shorter, with one additional symbol (dmrs-AdditionalPosition=’pos1’), double-symbol DM-RS is not supported (as in Rel.15)
· 
Procedures for determining  follows Rel.15 principles. Note: There is a need to further discuss extensions of these procedures (outlined in 7.4.1.1.3 of TS 38.211) for the newly introduced durations. It is suggested that these discussions to take place after the DMRS positions have been agreed.

Following these principles, we have this proposal (not that this proposal, if agreed, makes Proposal 2 obsolete as content is captured here as well):

The PDSCH DM-RS positions for single and double symbol DMRS are given in Table 1 and 2 respectively. 


Table 1 (from 36.211 Table 7.4.1.1.2-3): PDSCH DM-RS positions  for single-symbol DM-RS.
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Table 2 (from 36.211 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
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