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Introduction
This document discusses the DMRS mapping for PDSCH mapping type B in Dynamic Spectrum Sharing (DSS) operation.

Discussion
In RAN #84, the following aspects have been approved for more resource-efficient DSS operation [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



According to the approval above, PDSCH mapping type B with the durations 9 and 10 are supported for DSS. The DMRS mapping position for these PDSCH mapping should be specified taking account of the collision with LTE CRS.

We propose that DMRS position for PDSCH mapping type B of each additionally supported duration is specified based on the Rel-15 DMRS for PUSCH mapping type B of the corresponding duration [2] (here we call it “PUSCH-based DMRS mapping”), and, if the PUSCH-based DMRS mapping collides LTE CRS, the DMRS should be shifted. One reason to use PUSCH based DMRS mapping is that Rel-15 DMRS is designed with the policy of DL-UL symmetricity for DMRS, which should be followed by Rel-16. With our proposal, the symmetricity is realized when the mapping starting/duration is aligned between DL and UL and if DMRS is not shifted. Another reason is that it costs small standardization effort to just reuse the value of Rel-15 PUSCH compared with new design for Rel-16 PDSCH.

As mentioned above, DMRS should be shifted in the case where the PUSCH-based DMRS mapping collides with LTE CRS. We assume at least the following 4 cases need DMRS shift in Rel-16 DSS operation also mentioned in [3].

Case 1:
In Figure 1, NR PDSCH allocation can be duration 9 starting from symbol 5 for 15 kHz SCS. Single-symbol DMRS can be mapped on the relative symbol index 0, 3, 6 according to the PUSCH-based mapping. When DMRS on relative index 3 and 6 collide with CRS, these DMRS should be shifted to the relative index 4 and 7.
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[bookmark: _Ref16677988]Figure 1 DMRS mapping and PDSCH allocation case 1

Case 2:
In Figure 2, NR PDSCH allocation can be duration 9 starting from symbol 5 for 15 kHz SCS. Double-symbol DMRS can be mapped on the relative symbol index 5-6 according to the PUSCH-based mapping. When this DMRS collide with CRS, the DMRS should be shifted to the relative index 7-8.
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[bookmark: _Ref16682618]Figure 2 DMRS mapping and PDSCH allocation case 2

Case 3:
In Figure 3, NR PDSCH allocation can be duration 9 starting from symbol 5 for 30 kHz SCS. Single-symbol DMRS can be mapped on the relative symbol index 3 according to the PUSCH-based mapping. When this DMRS collide with CRS, the DMRS should be shifted to the relative index 5.
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[bookmark: _Ref16682625]Figure 3 DMRS mapping and PDSCH allocation case 3

Case 4:
In Figure 4, NR PDSCH allocation can be duration 10 starting from symbol 4 for 30 kHz SCS. Single-symbol DMRS can be mapped on the relative symbol index 4 according to the PUSCH-based mapping. When this DMRS collide with CRS, the DMRS should be shifted to the relative index 6.
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[bookmark: _Ref16682632]Figure 4 DMRS mapping and PDSCH allocation case 4
Apart from the cases mentioned above, another PDSCH mapping type B (starting/duration) may be used. Even if so, the DMRS should be designed so that DMRS can be shifted when it collides with LTE CRS.

[bookmark: _GoBack]According to our proposal, the Rel-16 PDSCH DMRS position can be specified in TS38.211 as follows. As proposed in the companion contribution for NR-U [2], the DMRS mapping for the PDSCH mapping type B of the duration 2-13 for NR-U is combined:
	

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

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

-	 


Table 7.4.1.1.2-3 PDSCH DM-RS positions  for single-symbol DM-RS.
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In the table above, ln’ is set to be n. If LTE CRS exists on the symbol l=n, ln’ is incremented until when LTE CRS doesn’t exist on symbol l=ln’.


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
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In the table above, ln’ is set to be n. If LTE CRS exists on the symbol l=n or l=n+1, ln’ is incremented until when LTE CRS doesn’t exist on symbol l= ln’ or l=ln’+1.



Based on the discussion above, we propose the following:
[bookmark: shift]Proposal 1:	Rel-16 DMRS position for PDSCH mapping type B of additionally supported durations is specified based on the Rel-15 DMRS position for PUSCH mapping type B of the corresponding length. If the PUSCH-based DMRS mapping collides with LTE-CRS in DSS operation, the DMRS is shifted to avoid collision.


If DMRS shift for DSS is supported as proposal 1, the transmitted DMRS mapping differs based on whether specified mapping collides with LTE CRS or not. In case of orthogonal DMRS port based MU-MIMO, there can be multiplexed UEs where NR DMRS for UE#A collides with CRS but one for UE#B doesn’t. In order to keep DMRS orthogonality among UEs, DMRS for all the UEs should be simultaneously shifted. Therefore, it is required to consider a mechanism to shift the DMRS for the UEs not colliding with CRS also.

[bookmark: MU]Proposal 2:	If DMRS shift for DSS is supported, consider a mechanism to shift the DMRS not colliding with CRS also, for orthogonal DMRS port based MU-MIMO.


If DMRS shift for DSS is supported, the DMRS positions after shift may not be equal distance in time. It can degrade the channel estimation. To avoid this, we propose to shift the DMRS not colliding with CRS also. For example, in case 1 above, the DMRS on relative symbol index 0 can be shifted as well as symbol 3 and 6. Then the equal-distance is kept as the shifted DMRS is on the relative symbol index 1, 4, 7.

Besides, the shifted DMRS positions may be too close in time. Then the gain by multiple DMRS is small. We propose to drop one of them and map the other channel/signal instead, for better resource utilization. For example, in case 3 above, one of DMRS on the relative symbol index 5 and 6 can be dropped.

[bookmark: equalDistant]Proposal 3:	If DMRS shift for DSS is supported, consider a mechanism to shift the DMRS not colliding with CRS also, for better channel estimation.
Proposal 4:	If DMRS shift for DSS is supported, consider a mechanism to drop some DMRS after shifted, for better resource utilization.

Conclusion
We propose as following:
Proposal 1:	Rel-16 DMRS position for PDSCH mapping type B of additionally supported durations is specified based on the Rel-15 DMRS position for PUSCH mapping type B of the corresponding length. If the PUSCH-based DMRS mapping collides with LTE-CRS in DSS operation, the DMRS is shifted to avoid collision.
Proposal 2:	If DMRS shift for DSS is supported, consider a mechanism to shift the DMRS not colliding with CRS also, for orthogonal DMRS port based MU-MIMO.
Proposal 3:	If DMRS shift for DSS is supported, consider a mechanism to shift the DMRS not colliding with CRS also, for better channel estimation.
Proposal 4:	If DMRS shift for DSS is supported, consider a mechanism to drop some DMRS after shifted, for better resource utilization.
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