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Introduction
In RAN#84 meeting, the following enhancements for dynamic spectrum sharing were agreed as part of TEI issue in Rel-16 [1]. 
· 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
In this contribution, we provide our views on above two issues.
Discussion
2.1 Introduce PDSCH Type B mapping of length 9 and 10 OFDM symbols 
Although it has been agreed to introduce PDSCH Type B mapping of length 9 and 10 OFDM symbols in RAN#84 meeting, it should not be used for a scheduling from a common search space since common search space may be shared among Rel-15 and Rel-16 UEs but Rel-15 UEs cannot support length-9 or length-10 symbols scheduling of PDSCH mapping type B. In other words, this new feature will cause backward compatible issue if it is used for common CSS. Then we propose
Proposal 1: The scheduling of length-9 and length-10 symbols mapping type B is not used for a DCI from a common search space. 
Because this is a new UE feature, Rel-16 UE has to report its capability to inform gNB if length-9 and length-10 symbols mapping type B PDSCH scheduling is supported. If support, gNB can allocate the UE with 9 symbols or 10 symbols PDSCH to improve transmission efficiency. If UE doesn’t report this new capability, e.g. Rel-15 UE, or report not support of this feature, gNB will not perform such scheduling to avoid error case. 
Proposal 2: Introduce a new UE capability to report whether UE supports PDSCH Type B mapping of length 9 and 10 OFDM symbols or not.
As described in contribution [2], the motivation of support PDSCH Type B mapping of length 9 and 10 OFDM symbols is to improve the capacity in the case when NR with 30KHz SCS and LTE share the overlapping frequency band. For clear discussion, the LTE CRS patterns are copied below.

Figure 1 LTE CRS patterns with normal cyclic prefix
If 4 port CRS is used in LTE, CRS is present in symbol #0, #1, #4, #7, #8 and #11. If NR PDSCH is configured with 30KHz SCS, one LTE symbol duration is double of NR symbol. As shown in Figure 2, length 9 symbol or 10 symbol NR PDSCH of mapping type B can efficiently use all symbols except those overlapped with CRS. To avoid the collision between LTE CRS and NR DMRS, the DMRS for NR PDSCH should not be mapped on NR symbol #0, #1, #2, #3, #8 and #9. 
[image: ]
Figure 2 LTE and NR with 30KHz SCS is aligned with slot boundary
For both 9-symbol and 10-symbol PDSCH mapping type B, the first one or two symbols of PDSCH do not collide with CRS as shown in Figure 2, So the front-loaded DMRS position can follow the existing principle of PDSCH mapping type B, i.e. length 2, 4 and 7 symbols.
Proposal 3: The front-loaded DMRS symbol occurs immediately after the CORESET.
If additional DMRS is configured, the same principle of PUSCH mapping Type B with 9 and 10 symbol duration can be reused for PDSCH DMRS position determination. Here we copy DMRS position table from 38.211[3] for PUSCH type B as follows

Table 6.4.1.1.3-3: PUSCH DM-RS positions  within a slot for single-symbol DM-RS and intra-slot frequency hopping disabled.
	   in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition
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Table 6.4.1.1.3-4: PUSCH DM-RS positions  within a slot for double-symbol DM-RS and intra-slot frequency hopping disabled.
	  in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	2
	3
	0
	1
	2
	3

	<4
	-
	-
	
	
	-
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Based on yellow part, we provide the corresponding patterns to verify if there is collision between CRS and NR additional DMRS. As shown in Figure 3-1 and 3-2 which are for single front-loaded DMRS symbol and double front-loaded DMRS symbols respectively.
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Figure 3-1 Single front-loaded DMRS symbol
[image: ]
Figure 3-2 Double front-loaded DMRS symbol
As shown in Figure 3-1, in the case of two additional DMRS symbols, the middle DMRS symbol collides with CRS. If the middle DMRS symbol is moved forward or backward to avoid CRS symbol, it will be too closed with the adjacent DMRS symbol to provide performance gain. In other words, if two additional DMRS symbols are higher layer configured while 9 or 10 symbols are indicated for the PDSCH mapping type B transmission, only one additional DMRS is actually transmitted.
Proposal 4: For additional DMRS positions 
· In the case when one front-loaded DMRS symbol is indicated, 
· If one or two additional DMRS is configured, 
· Additional DMRS position is 6 for length 9 symbols PDSCH 
· Additional DMRS position is 8 for length 10 symbols PDSCH
· If three additional DMRS is configured, 
· Additional DMRS positions is 6 for length 9 symbols PDSCH 
· Additional DMRS positions are 3, 6, and 9 for length 10 symbols PDSCH
· In the case when two front-loaded DMRS symbols are indicated, 
· The first additional DMRS position is 5 for length 9 symbols PDSCH 
· The first additional DMRS position is 7 for length 10 symbols PDSCH

For simplicity, we provide the update as shown in the blue part based on the tables in 38.211.

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
	-
	-
	-
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	3
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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
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	-
	-
	

	13
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	-
	

	14
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2.2 Extend the higher layer configuration of LTE-CRS
Compared with LTE which only supports maximum 20MHz per CC, NR supports much larger bandwidth, e.g. 100MHz in FR1, and the number of supported PRBs can be up to 275. In the case when NR and LTE share the overlapping frequency bands, NR PDSCH can do rate matching around LTE CRS to avoid severe interference. Based on current NR Rel-15 spec, one CRS pattern can be configured via cell specific basis. 
However, as described in [2], if one wide NR carrier overlaps with multiple narrow LTE bandwidth, one CRS pattern will not be enough anymore.
[image: ]
Figure 4 One NR carrier overlaps with multiple LTE carriers
In order to solve the problem, the simple way is to extend the existing single higher layer configuration of LTE-CRS rate matching pattern to multiple. Since the total bandwidth of 5 LTE carriers with 20MHz is similar to a NR carrier which supports up to 100MHz, we propose maximum 5 LTE CRS patterns for a NR carrier.
Proposal 5: Support up to 5 CRS configurations for a NR carrier. 
Since the use case is spectrum sharing between NR and LTE for single cell scheduling, the supported multiple LTE CRS patterns should not be overlapped as shown in Figure 5.
[image: ]
Figure 5 One NR carrier overlaps with multiple LTE carriers
Proposal 6: Configured multiple CRS patterns should not be overlapping in the frequency domain.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views for dynamic spectrum sharing as follows 
Proposal 1: The scheduling of length-9 and length-10 symbols mapping type B is not used for a DCI from a common search space. 
Proposal 2: Introduce a new UE capability to report whether UE supports PDSCH Type B mapping of length 9 and 10 OFDM symbols or not.
Proposal 3: The front-loaded DMRS symbol occurs immediately after the CORESET.
Proposal 4: For additional DMRS positions 
· In the case when one front-loaded DMRS symbol is indicated, 
· If one or two additional DMRS is configured, 
· Additional DMRS position is 6 for length 9 symbols PDSCH 
· Additional DMRS position is 8 for length 10 symbols PDSCH
· If three additional DMRS is configured, 
· Additional DMRS position is 6 for length 9 symbols PDSCH 
· Additional DMRS positions are 3, 6, and 9 for length 10 symbols PDSCH
· In the case when two front-loaded DMRS symbols are indicated, 
· The first additional DMRS position is 5 for length 9 symbols PDSCH 
· The first additional DMRS position is 7 for length 10 symbols PDSCH
Proposal 5: Support up to 5 CRS configurations for a NR carrier. 
Proposal 6: Configured multiple CRS patterns should not be overlapping in the frequency domain.
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