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[bookmark: _Ref178064866]In this contribution, we address corrections related to PDSCH/PUSCH DM-RS design [1][2]. 
Corrections related to TS 38.211 [1]
DM-RS for shorter durations of PDSCH/PUSCH type A mapping
The locations of additional DM-RS with respect to PDSCH/PUSCH durations are to be further discussed [3]
· Discuss further after the Rel-15 Dec. specifications the DMRS locations for PDSCH/PUSCH smaller than the current specified durations.
The currently specified additional DM-RS locations for PDSCH/PUSCH type A mapping are depicted in Figure 1, where further discussion here relates to specifying the DM-RS locations, for both single-symbol and double-symbol DM-RS, when scheduling PDSCH/PUSCH with shorter durations than those captured in [1] for the RRC parameters UL-DMRS-add-pos (Table 6.4.1.1.3-3 and 6.4.1.1.3-4) and DL-DMRS-add-pos (Table 7.4.1.1.2-3 and 7.4.1.1.2-4). It can be noticed that the DM-RS mapping is identical for UL and DL with respect to type A mapping.
Figure 2 shows our proposed DM-RS locations with additional DM-RS for supporting 7-14 symbols PDSCH/PUSCH durations for type A mapping, which includes the current DM-RS locations from Figure 1 and in addition introduces two new DM-RS patterns, A and B. For the case of double-symbol configuration, the DM-RS locations fall back to corresponding locations of the single-symbol configuration with “DMRS-add-pos” equal to 1. The DM-RS locations for pattern A is needed to support 7 symbols PDSCH/PUSCH duration whereas DM-RS pattern B is introduced to avoid a too large inter-symbol DM-RS distance for this high-speed configuration. 
The following is thus proposed:
[bookmark: _Ref503513361][bookmark: _Toc503537843]Supported DM-RS patterns for slots with first DM-RS at , and with different PDSCH/PUSCH durations, are those depicted in Figure 2.  Configurations with  use the same locations of additional DMRS, when applicable.

Proposal 1 can readily be implemented by updating corresponding UL and DL related tables in 38.211, as shown for the case of PDSCH/PUSCH type A mapping in Table 1 and Table 2. Note that for “DMRS-add-pos” equal to 3, the first DM-RS within the slot is always at position , which is reflected in the revised tables.
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[bookmark: _Ref503255093]Figure 1. Currently captured DM-RS patterns for PDSCH/PUSCH mapping type A and . 
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[bookmark: _Ref503389137]Figure 2. Proposed DM-RS locations including two additional DM-RS patterns, A and B.


[bookmark: _Ref503514917]Table 1: Revised Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
	Duration of PDSCH transmission
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	DL-DMRS-add-pos
	DL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤6
	

	-
	-
	-
	

	
	
	

	7
	

	
,6
	
,6
	2, 6
	

	

	
	

	8
	

	
,6
	
,6
	2, 6
	

	
	
	

	9
	

	
,7
	
, 7
	2,5, 8
	

	
	
	

	10
	

	
,9
	
, 6, 9
	2, 6, 9
	

	
	
	

	11
	

	
,9
	
, 6, 9
	2, 6, 9
	

	
	
	

	12
	

	
9
	
, 6, 9
	2, 5, 8, 11
	

	
	
	

	13
	

	
,11
	
, 7, 11
	2, 5, 8, 11
	

	
	
	

	14
	

	
,11
	
, 7, 11
	2,5, 8, 11
	

	
	
	





[bookmark: _Ref503534598]Table 2: Revised Table 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS.
	 PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	DL-DMRS-add-pos
	DL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤6
	

	
	
	
	0
	0, 4
	
	

	7
	

	
,6
	
,6
	2, 6
	0
	0, 4
	-
	-

	8
	

	
,6
	
,6
	2, 6
	0
	0, 6
	0, 3, 6
	-

	9
	

	
, 7
	
,7
	2, 5, 8
	0
	0, 6
	0, 3, 6
	-

	10
	

	
, 9
	
, 6, 9
	2, 6, 9
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9

	11
	

	
, 9
	
, 6, 9
	2, 6, 9
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9

	12
	

	
, 9
	
, 6, 9
	2, 5, 8, 11
	0
	0, 10
	0, 5, 10
	0, 3, 6, 9

	13
	

	
, 11
	
, 7, 11
	2, 5, 8, 11
	0
	0, 10
	0, 5, 10
	0, 3, 6, 9

	14
	

	
, 11
	
, 7, 11
	2, 5, 8, 11
	-
	-
	-
	-




Resource specific DM-RS sequence mapping
Resource-specific DM-RS mapping in UL (6.4.1.1.3 [1]) and DL (7.4.1.1.2 [1]) is captured as follows


   (UL)              (DL).
As can be observed from Figure 3, with this mapping the DM-RS sequence in one CDM group is copied into the other CDM group(s). This way of mapping DM-RS, adopted from LTE, can be viewed as being resource-specific per CDM group and per configuration type. However, in contrast to LTE where DM-RS and data are always frequency multiplexed, such mapping may have PAPR issues in NR when DM-RS ports from different CDM groups are spatially multiplexed such that ports are sharing same PA’s.
To illustrate this PAPR issue, we compare the current mapping with the RE-specific mapping in Figure 4 by considering a resource allocation of 50 PRBs and assuming that CDM groups are sharing same PAs, such that we compare PAPR of the sequences  (type 1) and … (type 2) with . The results are shown in Figure 5, from which we can conclude that the current mapping indeed causes PAPR issues.  
[image: ]
[bookmark: _Ref503389278]Figure 3. Currently captured resource-specific mapping
[image: ]
[bookmark: _Ref503529723]Figure 4. Resource-element-specific mapping

[image: ]
[bookmark: _Ref503532137]Figure 5. PAPR comparisons
To avoid this PAPR issue, one way is to adopt the RE-specific mapping in Figure 5, meaning that DM-RS sequences associated with each CDM group represent a sub-sampled set of an RE-specific sequence of length 3240 (. It can be noticed that the correlation properties of the sub-sampled set will not be affected [4]. 
Thus, we propose to change the resource-specific DM-RS mapping in UL (6.4.1.1.3 [1]) and DL (7.4.1.1.2 [1]) as 


   (UL)              (DL).

Sequence generation for broadcast
For the DMRS sequence generation, we have in specifications that the pseudo-random sequence generator shall be initialized with



where  is the OFDM symbol number within the slot and


-	 and  is given by the higher-layer parameter DL-DMRS-Scrambling-ID if provided 


-	 and  otherwise
However, common messages using a common RNTI and targeting multiple UEs, e.g. system information delivery, paging messages, and random-access response, cannot be delivered to UEs having a NID configured as these UEs are likely to have different values configured. Hence, the use of a configured NID needs to be restricted to unicast messages.



Moreover, there is small typo in the  formula as the slot number should run to the end of the radio frame and not only to the end of the subframe. Hence  should be replaced by . This leads to these text proposals:

>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
[bookmark: _Toc500952734]7.4.1.1.1	Sequence generation

The UE shall assume the reference-signal sequence  is defined by

.

[bookmark: _Hlk503467960]where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with




where  is the OFDM symbol number within the slot and


-	 and  is given by the higher-layer parameter DL-DMRS-Scrambling-ID if provided and the RNTI equals the C-RNTI


-	 and  otherwise

>>>>>>>>>>>> End text proposal >>>>>>>>>>>>

And for uplink:
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>

[bookmark: _Toc500952683]6.4.1.1.1	Sequence generation

If transform precoding for PUSCH is not enabled, the reference-signal sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with




where  is the OFDM symbol number within the slot and


-	 and  is given by the higher-layer parameter UL-DMRS-Scrambling-ID if provided


-	 and  otherwise
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>


Corrections related to TS 38.214 
In the current description [2] related to DM-RS (subclause 5.1.6.2 and 6.2.2), there is a certain amount of overhead with 38.211 that should preferably be cleaned up. Furthermore, DM-RS in DL and UL are configured independently which is not clear from the current description where same higher-layer parameter, e.g. dmrs-AdditionalPosition, is used in both the DL and UL description. Preferably this could be aligned with 38.211, which currently use the notations DL-DMRS-add-pos and UL-DMRS-add-pos.
The following is stated in subclause 5.1.6.2 with respect to PDSCH with CRC scrambled by RNTI other than C-RNTI
-	For PDSCH with allocation duration of 7 symbols with mapping type B, the UE shall assume one additional DM-RS present in the 5th symbol of the PDSCH allocation, and
-	For PDSCH with allocation duration of 4 symbols with mapping type B, the UE shall assume that no additional DM-RS are present, and  
-	For PDSCH with allocation duration of 2 symbols with mapping type B, the UE shall assume that no additional DM-RS are present.  
In the case of the second and third bullet above, PDSCH type B mapping has only one DM-RS symbol for 2 and 4 symbols PDSCH durations (38.211) so these bullets seem not include any additional information.
[bookmark: _GoBack]Conclusions
In this contribution, we addressed a number of corrections that impacted the UL/DL specification of the resource-specific DM-RS mapping, the additional DM-RS locations for PDSCH/PUSCH type A mapping durations and the DM-RS sequence generation. To complete the specification, with respect to specifying the remaining additional DM-RS locations for PDSCH/PUSCH type A mapping durations of 7 to 14 symbols, the following proposal was made:
Proposal 1	Supported DM-RS patterns for slots with first DM-RS at , and with different PDSCH/PUSCH durations, are those depicted in Figure 2.  Configurations with  use the same locations of additional DMRS, when applicable.
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