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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the main session of this contribution, the issue on the collision between PDSCH DMRS REs and REs not available for PDSCH is discussed. And views on enhancements for DSS are provided in Appendix A.
Rate matching pattern, also called reserved resource is introduced in NR Rel-15. It is commonly understood that rate matching pattern is an effective and efficient mechanism to support co-existence between NR and LTE. Particularly, a single PRB can be reserved within a NR bandwidth to deploy a NB-IoT carrier. Then, NR and LTE can be co-existed in a high spectral efficient manner which is also a requirement in TR 38.913 [1]. 
In RAN1#90bis, the mechanism of PDSCH rate matching pattern with RB symbol level granularity was agreed to cover future/backward compatible resource, which results in specification of subclause 5.1.4.1 of TS 38.214 [2].
	Agreements:
· On the RB-symbol level, UE can be configured with one or multiple DL resource set(s), each resource set configuration includes a first bitmap of RB granularity and a second bitmap of OFDM symbols within a slot for which the first bitmap applies (i.e. the intersection of two bitmaps). 
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
· FFS whether or not the presence of the information field to indicate the resource set is RRC configurable – conclude by Friday
· FFS whether a resource set is applicable in every slot or not (e.g., via a periodic configuration, etc.)
· Conclude by Friday whether or not there is RRC impact
· FFS the case of one DCI scheduling multi-slot transmission
· Note: covers future/backward compatible resource, parts of CORESETs, multiple CORESETs
· FFS L1 signaling is GC PDCCH or scheduling DCI
· CORESET(s) configured to a UE for monitoring can be included in resource set(s)
· If included, the entire COREST is assumed for rate matching when applicable
· These resource set(s) can be identified as resource sets(s) for which the PDSCH is or is not mapped based on the L1 signalling.
FFS the configuration details of rate matching for semi-static case (w/o L1 signalling)


In the latest version of TS 38.214 [2], the following statement is written in Subclause 5.1.4. 
	A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.


In [3], the issue on valid PDSCH scheduling conditions where rate matching (RM) patterns overlap with PDSCH DMRS REs was discussed, and the following two alternatives were provided for clarification and down-selections.
· Alternative 1: PDSCH DMRS REs indicated by the frequency domain resource assignment field in a DCI are always transmitted and not overlapping with any RM pattern. 
· Alternative 2: Only for available PDSCH PRB allocated by both DCI and RM patterns, its DMRS REs are transmitted. If transmitted, no overlapping with any RM pattern.
In RAN1#97 meeting, there was a conclusion that alternative 1 is RAN1’s common understanding in Rel-15 [4]. Because companies thought it was too late for Rel-15 UEs even though Alt. 2 clearly outperforms Alt. 1.
	Conclusion:
· Alt 1 in R1-1907489 is RAN1’s common understanding
· No spec update is necessary


In this contribution, it is discussed to improve the UE behavior to tackle the collision between PDSCH DMRS REs and REs not available for PDSCH in TEI16.
2 Discussion 
Regarding the conditions of “collision between PDSCH DMRS REs and REs not available for PDSCH”, two alternatives can be as follows:
· Alternative 1: PDSCH DMRS REs indicated by the frequency domain resource assignment field in a DCI are always transmitted and not overlapping with any RM pattern. 
· Alternative 2: Only for available PDSCH PRB allocated by both DCI and RM patterns, its DMRS REs are transmitted. If transmitted, no overlapping with any RM pattern.
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Alt. 1										Alt. 2
Figure 1 Illustrations of Alt. 1 (Left) and Alt. 2 (Right)
As illustrated in Figure 1, a UE is scheduled with contiguous PRBs for PDSCH (in green) which cover unavailable PRBs indicated by RM patterns (in black) so that the valid PDSCH PRBs (in green) are separated at two ends. With Alt. 1, the DMRS REs (in blue) are always transmitted for both available and unavailable PDSCH PRBs. On the other hand, with Alt. 2, the DMRS REs (in blue) are only transmitted for available PDSCH PRBs but not for unavailable PDSCH PRBs. 
For Alternative 1, to avoid any collision between DMRS and RM pattern, a gNB is restricted with only two choices left. The first one is that a serving cell may never be configured with any RM pattern overlapping with either front-loaded DMRS or additional DMRS symbols. However, this prevents the gNB from supporting some cases of LTE-NR coexistence, e.g. in-band NB-IoT/eMTC within NR bandwidth where its RM pattern has to null out some PRBs at front-loaded and additional DMRS symbols. Similarly, it does also prevent the gNB from supporting forward-compatibility completely. More importantly, the RM pattern indicated by SSB locations can be inevitably overlapping with either front-loaded DMRS or additional DMRS, e.g. SSB location patterns Case A and C. The second choice is that a gNB never schedule contiguous PDSCH PRBs overlapping with any RM patterns. To be specific, when resource allocation type 1 is applied, only the PRBs on one side of the reserved PRBs can be scheduled for NR PDSCH as depicted in Figure 2, and thus at most half of the PRBs may not be schedulable simultaneously for a UE when the center PRBs within the bandwidth part is configured for rate matching or SSB. In this case, obviously, PDSCH scheduling indicated with full bandwidth PRBs and resource allocation type 1 for a UE is impossible. Furthermore, when resource allocation type 0 is applied, the resource block group (RBG) that overlaps with the rate matching pattern shall not be scheduled as shown in Figure 3. However, the RBG size is constant once the bandwidth part size is determined according to subclause 5.1.2.2.1 of TS 38.214 [2], e.g. 16 PRBs per RBG is applied when the bandwidth part size is larger than 144 PRBs. As shown in Figure 3, it requires 3 RBGs to cover a SSB and RM pattern of 20-PRB in width, which costs additional 28 PRBs wasted.
[image: ]
Figure 2. Illustration of Alternative 1 with resource allocation type 1
 [image: ]
Figure 3. Illustration of Alternative 1 with resource allocation type 0
On the other hand, for Alternative 2, there is no such above restrictions for scheduling with resource allocation type 0/1, which results in maximum peak downlink throughput for a UE. It also supports forward/backward compatibility better than Alternative 1. Additionally, the case, as shown in Figure 4, which has been precluded by previous conclusion is still prevented by Alternative 2 because for those green PRBs on the right hand of red unavailable resource blocks, their front-loaded DMRS REs are expected to be transmitted but overlapped with unavailable resource blocks. It is worth mentioning that there is no difference between Alternative 1 and Alternative 2 when PRG is determined as “wideband” as in subclause 5.1.2.3 of TS 38.214. In this case, the UE assumes that contiguous PRBs are scheduled for PDSCH where DM-RS REs are always transmitted, i.e. those DM-RS REs are not overlapping with any RM pattern.
[image: ]
Figure 4. Illustration of a case precluded by both Alternative 1 and 2
Moreover, it is noticed that REs not available for PDSCH also includes REs containing SSB. For SSB, its candidate symbol locations are very likely to be the same as that of configured DM-RS including both front-loaded and additional ones. Taking Case A SSB and Type A PDSCH for example, the SSB#0/2/4/6 will always overlap with front-loaded DM-RS of Type A PDSCH, and the SSB#1/3/5/7 may collide with additional DM-RS especially for the cases where more than one additional DMRS are configured. As mentioned above, to avoid collision between PDSCH DM-RS and SSB, at most 3 RBG shall not be scheduled when downlink resource allocation type 0 is adopted. That is, 48 PRBs within the BWP cannot be used for scheduling PDSCH when the size of BWP is larger than 144. When resource allocation type 1 is applied, the scheduled NR PDSCH shall only occupy the PRBs on one side of the SSB. Namely, there are huge restrictions for scheduling PDSCH.
Observation: It will cause huge restrictions for scheduling PDSCH when UE does not handle the case where PDSCH DM-RS are overlapping with SSB.
Note that, above scheduling restriction issue can be tackled by adopting Alternative 2 where the SSBs can be covered by a dedicated rate matching pattern. But this approach is clearly unnecessary and causes waste of rate matching configurations whose available number per serving cell is limited by 4 [5]. Therefore, it is preferred to handle the case by introducing UE behavior. Namely, the DM-RS associated with scheduled or configured PDSCH can overlap with SSB, while the collision will be resolved by aligning understanding between network and UE. In this case, the UE shall assume that the PRBs are not available for PDSCH and DM-RS in all the scheduled symbols when PDSCH DM-RS REs will overlap with REs corresponding to SSB in the PRBs. Such UE behavior can be also adopted for rate matching patterns.
[image: ]
Figure 5. Illustration of handling the collision between PDSCH DM-RS and RM/SSB
Therefore, regarding the conditions of a collision between PDSCH DMRS REs and rate-matching patterns, we give the following proposal and an example CR is attached for discussion.
Proposal: A UE shall assume that the PRBs are not available for PDSCH and DM-RS in all the scheduled symbols for the PDSCH within a single slot when the PDSCH DM-RS in the PRBs overlaps with any REs corresponding to SSB or rate matching patterns.
3 Conclusions
In this contribution, the issue on PDSCH scheduling conditions with rate matching pattern overlapping with PDSCH DMRS symbols is discussed. An example CR is attached for discussion. The following observation and proposal are given:
Observation: It will cause huge restrictions for scheduling PDSCH when UE does not handle the case where PDSCH DM-RS are overlapping with SSB.
[bookmark: _GoBack]Proposal: A UE shall assume that the PRBs are not available for PDSCH and DM-RS in all the scheduled symbols for the PDSCH within a single slot when the PDSCH DM-RS in the PRBs overlaps with any REs corresponding to SSB or rate matching patterns.
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Appendix A
A.1. Introduction
In RAN#84 meeting [6], enhancements for DSS (Dynamic Spectrum Sharing) were agreed to be part of NR Rel-16 TEI in RAN1. The following two aspects need to be discussed:
	· 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


In this contribution both they are discussed in detail. The first aspect is also addressed in our companion paper.[7] 
A.2. [bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]PDSCH Type B mapping of length 9 and 10 OFDM symbols
[bookmark: _Hlk497488796]With regard to PDSCH Type B mapping DM-RS position determination, the following factors need to be considered:
· Actual symbol number of front-loaded (FL) DM-RS
· Maximum number of additional DM-RS
· PDSCH duration in symbols
· Different PDSCH Type B starting symbols 
· LTE-CRS positions with different numbers of antenna ports
· Channel estimation accuracy
In this section, NR 15 kHz SCS is assumed. The criteria for determining DM-RS positions for PDSCH mapping Type B of length 9 and 10 OFDM symbols are as follows:
· The lowest probability of collision between LTE-CRS and NR DM-RS, equivalent to highest collision-free probability  
· Common design to all possible starting symbols and to all number of LTE-CRS ports
· Common design to both length 9 and 10 PDSCH Type-B, if possible
· DM-RS distribution as uniform as possible
Taking single additional single-symbol DM-RS as an example, Figure A-1 and Figure A-2 show two possible DM-RS position (i.e. 2 and 7) with all possible PDSCH Type B starting symbols without collision with LTE-CRS for 2 antenna ports and 4 antenna ports, respectively, where   is the index in the frequency domain and  refers to the symbol position in the time domain. Within total 6 possible starting symbols for length 9 PDSCH mapping Type B, the starting symbol with  and  in Figure A-1 are precluded due to collision with LTE-CRS of 2 antenna ports while the PDSCH Type B with starting symbol  are precluded due to collision with LTE-CRS of 4 antenna ports. Therefore, regarding length 9 PDSCH mapping Type B, only 4 and 3 PDSCH Type B starting symbols are possible for 2 antenna ports and 4 antenna ports LTE-CRS, respectively. Similarly, regarding length 10 PDSCH mapping Type B, only 3 and 2 starting symbols are possible for 2 antenna ports and 4 antenna ports LTE-CRS, respectively. In summary, Table A-1 shows the ratio of the number of PDSCH Type B DM-RS position without LTE-CRS collision for all possible PDSCH Type B starting symbols. Taking the first value highlighted in Table A-1 as an example, only 2 out of 4 possible PDSCH Type B starting symbols are LTE-CRS collision-free, as also shown in Figure A-1. The ratio of available number of DM-RS position to all possible PDSCH Type B starting symbols (i.e. 4) symbols is 2/4=50% for additional DM-RS position . Then the ratio of available number of DM-RS position to all possible PDSCH Type B starting symbols (i.e. 4) symbols is 4/4=100% for additional DM-RS position .


[bookmark: _Ref14949392]Figure A-1 2 Ant ports LTE-CRS and NR PDSCH Type B of length 9 and 10 with one single-symbol additional DM-RS  and 



[bookmark: _Ref14949402]Figure A-2 4 Ant ports LTE-CRS and NR PDSCH Type B of length 9 and 10 with one single-symbol additional DM-RS   and 
[bookmark: _Ref14962496]Table A-1 Ratio of LTE-CRS collision-free with respect to different DM-RS position of PDSCH mapping type B, single additional DM-RS case
	DM-RS position
	PDSCH Type B of length 9 symbols

	PDSCH Type B of length 10 symbols

	
	2 antenna ports LTE-CRS
	4 antenna ports LTE-CRS
	2 antenna ports LTE-CRS
	4 antenna ports LTE-CRS

	2
	2/4=50%
	1/3=33%
	2/3=67%
	1/2=50%

	3
	3/4=75%
	2/3=67%
	2/3=67%
	2/2=100%

	4
	3/4=75%
	2/3=67%
	2/3=67%
	1/2=50%

	5
	3/4=75%
	1/3=33%
	2/3=67%
	0/2=0%

	6
	2/4=50%
	1/3=33%
	2/3=67%
	1/2=50%

	7
	4/4=100%
	3/3=100%
	3/3=100%
	2/2=100%

	8
	3/4=75%
	2/3=67%
	2/3=67%
	1/2=50%

	9
	-
	-
	2/3=67%
	1/2=50%



Based on above Table A-1, the additional DM-RS position  is the best because it can be applied for all possible starting symbols of length 9 and 10 PDSCH Type B .
Observation A1: The position  is the best for the additional single-symbol DM-RS of PDSCH mapping Type B because it can be applied for all possible starting symbols of PDSCH Type B mapping with both length 9 and 10.
In the cases of two additional DM-RSs, it is preferable that one of two additional DM-RSs reuses the position  that has been applied for single additional DM-RS case. All possible the second additional DMR-RS positions have been checked and summarized in Table 2. Because the first 5 symbols in a NR slot with 15 kHz SCS may have been occupied by LTE CRS, LTE and NR PDCCH, PDSCH mapping Type B of length 9 is more attractive and useful than that of length 10. If only the first 4 symbols in a NR slot have been occupied, then PDSCH mapping Type A is more useful than Type B of length 10. Therefore, the pair of DM-RS position , as illustrated in Figure A-3, is the best which has the highest LTE-CRS collision-free probability for PDSCH mapping Type B of length 9.

	


	



	2 Ant ports LTE-CRS 

	4 Ant ports LTE-CRS


[bookmark: _Ref16504190]Figure A-3 LTE-CRS and NR PDSCH Type B of length 9 and 10 with two single-symbol additional DM-RS   

[bookmark: _Ref16503190]Table A-2 Ratio of LTE-CRS collision-free with respect to different DM-RS position of PDSCH mapping type B, two additional DM-RS case
	DM-RS position
	PDSCH Type B of length 9 OFDM symbols

	PDSCH Type B of length 10 OFDM symbols

	
	2 antenna ports LTE-CRS
	4 antenna ports LTE-CRS
	2 antenna ports LTE-CRS
	4 antenna ports LTE-CRS

	2,7
	2/4=50%
	1/3=33%
	2/3=67%
	1/2=50%

	3,7
	3/4=75%
	2/3=67%
	2/3=67%
	2/2=100%

	4,7
	3/4=75%
	2/3=67%
	2/3=67%
	1/2=50%

	5,7
	3/4=75%
	1/3=33%
	2/3=67%
	0/2=0%

	6,7
	2/4=50%
	1/3=33%
	2/3=67%
	1/2=50%

	7,8
	3/4=75%
	2/3=67%
	2/3=67%
	1/2=50%

	7,9
	-
	-
	2/3=67%
	1/2=50%



Observation A2: In the case of two additional single-symbol DM-RS position, the pair    has the highest LTE-CRS collision-free probability for all possible PDSCH Type B starting symbols and for length 9 OFDM symbols.
For the efficiency of data transmission, three additional single-symbol DM-RSs and double-symbol DM-RS cases are not considered for PDSCH mapping type B of length 9 and 10 OFDM symbols.
In summary, for PDSCH in 9-symbol or 10-symbol length, one front-loaded DM-RS and one or two additional single-symbol DM-RS can be supported considering DSS with LTE.  
Proposal A1: In case that dmrs-AdditionalPosition equal to 'pos1', PDSCH duration  and , the PDSCH DM-RS positions  is adopted for additional single-symbol DM-RS for PDSCH mapping type B.
Proposal A2: In case that dmrs-AdditionalPosition equal to 'pos2', PDSCH duration  and , the PDSCH DM-RS positions  are adopted for additional single-symbol DM-RS for PDSCH mapping type B.
Proposal A3: The case that dmrs-AdditionalPosition equal to 'pos3' with single-symbol DM-RS and the case with double-symbol DM-RS are not supported in Rel-16 TEI for PDSCH mapping type B with duration  and .

A.3. Multiple LTE-CRS rate matching patterns for one spectrum sharing bandwidth
In Rel-15, only one higher layer parameter RateMatchPatternLTE-CRS per NR serving cell can be configured. Its associated rate-matching functionality is only applicable to NR 15 kHz SCS. A NR serving cell with 15 kHz SCS can have channel bandwidth up to 50 MHz and be overlapping with multiple LTE carriers in the bandwidth. The number of LTE carriers in a given contiguous bandwidth is usually minimized in order to minimize guard band overheads between LTE carriers caused by 300 kHz channel spacing of carrier aggregation, and to provide better user experiences by avoiding interruptions caused by such as SCell addition, etc. For example, in a 20MHz bandwidth, operators always deploy one LTE carrier with 20 MHz rather than two LTE carriers with 10 MHz each. Therefore, the number of LTE carriers sharing a 50MHz bandwidth with an NR carrier is typically three, i.e. two possible bandwidth combinations LTE 10MHz+2*20MHz and 2*15MHz+20MHz which both have 570 kHz guard band overheads. 



Figure A-4 Multiple LTE carriers within an NR carrier
Observation A3: In the scenario of multiple LTE carriers sharing a 50MHz bandwidth with a NR carrier, taking into account the guard band overheads between LTE carrier components, there are only two possible LTE bandwidth combinations, i.e. LTE 10MHz+2*20MHz and 2*15MHz+20MHz.
Proposal A4: The maximum number of configurable LTE carriers in LTE-CRS rate matching patterns for dynamic spectrum sharing is three.
A.4. Others
In RAN#84 discussion, RE-level rate matching for LTE-CRS with NR 30 kHz SCS is precluded for Rel-16 TEI. For symbol-level rate matching around LTE-CRS, the DM-RS positions proposed in section A.2 may be able to be reused for the case with NR 30 kHz SCS. Furthermore, compared to NR SCS 15 kHz, NR SCS 30 kHz for dynamic spectrum sharing is not preferred due to lower NR PDCCH capacity (half number of CCEs in a bandwidth), less effective bandwidth (e.g. 51 PRBs@30 kHz v.s 106 PRBs@15 kHz for 20 MHz bandwidth).
Proposal A5: Dynamic spectrum sharing extension to NR carrier with 30 kHz SCS is not preferred.
A.5. Conclusion
According to the above discussions, we have the following observations and proposals:
Observation A1: The position  is the best for the additional single-symbol DM-RS of PDSCH mapping Type B because it can be applied for all possible starting symbols of PDSCH Type B mapping with both length 9 and 10.
Observation A2: In the case of two additional single-symbol DM-RS position, the pair    has the highest LTE-CRS collision-free probability for all possible PDSCH Type B starting symbols and for length 9 OFDM symbols.
Observation A3: In the scenario of multiple LTE carriers sharing a 50MHz bandwidth with a NR carrier, taking into account the guard band overheads between LTE carrier components, there are only two possible LTE bandwidth combinations, i.e. LTE 10MHz+2*20MHz and 2*15MHz+20MHz.

Proposal A1: In case that dmrs-AdditionalPosition equal to 'pos1', PDSCH duration  and , the PDSCH DM-RS positions  is adopted for additional single-symbol DM-RS for PDSCH mapping type B.
Proposal A2: In case that dmrs-AdditionalPosition equal to 'pos2', PDSCH duration  and , the PDSCH DM-RS positions  are adopted for additional single-symbol DM-RS for PDSCH mapping type B.
Proposal A3: The case that dmrs-AdditionalPosition equal to 'pos3' with single-symbol DM-RS and the case with double-symbol DM-RS are not supported in Rel-16 TEI for PDSCH mapping type B with duration  and .
Proposal A4: The maximum number of configurable LTE carriers in LTE-CRS rate matching patterns for dynamic spectrum sharing is three.
Proposal A5: Dynamic spectrum sharing extension to NR carrier with 30 kHz SCS is not preferred.
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