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[bookmark: _Ref178064866]In this contribution, we address remaining issues related to PDSCH/PUSCH DM-RS design [1].
Remaining issues related to TS 38.211 [1]
DM-RS for varying durations of PDSCH/PUSCH
The locations of additional DM-RS with respect to PDSCH/PUSCH durations are to be further discussed [2]:
· 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.
The currently captured DM-RS patterns implies a significant scheduling restriction if *L-DMRS-add-pos= 1, 2 or 3 since the shortest PDSCH durations is 9, 10 and 12 respectively. This severely hampers the flexibility in TDD systems, particularly if a SRS resource of multiple symbols is to be transmitted in the end of the slot to assist DL reciprocity-based operation and MU-MIMO. In the scheduling agenda, the target for the design has been to provide a great flexibility in the data duration in the slot.
Current specifications of DMRS patterns does not work well together with agreements in scheduling agenda as the semi-static configured DMRS patterns prohibits the desired scheduling flexibility.
Moreover, coexistence with LTE is an issue. In LTE, the special subframe configuration have DwPTS lengths of 3,6,9,10,11 and 12 symbols. Good coexistence with LTE requires that an NR slot can have a DL part that matches the DwPTS for LTE. As shown in Figure 2, the current specification is incomplete with respect to fully supporting co-existence with LTE TDD when additional DM-RS has been configured.
Current specifications of DMRS patterns prohibits good coexistence with LTE TDD. 
Fortunately, the solution to this issue is rather simple, the 1+1+1 pattern with DMRS in (2,5,8) needs to be added and the 1+1 pattern with DMRS in (l0 ,6) and DMRS in (l0 ,5) needs to be added. 
Figure 3 shows our proposed DM-RS locations with additional DM-RS for supporting 6-14 symbols PDSCH/PUSCH durations for type A mapping, which includes the current DM-RS locations from Figure 1 and in addition introduces three new DM-RS patterns, a), b) and c). 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. 
To address the above observed issues, the following is thus proposed:
[bookmark: _Ref503513361][bookmark: _Toc503537843]Supported additional slot durations and associated DM-RS patterns for slots with first DM-RS at , as those depicted in Figure 3.  Configurations with  use the same locations of additional DMRS as for  , when applicable.
With Proposal 1, supporting co-existence with LTE TDD follows readily as depicted in Figure 4 where the proposed patterns a) and c) are needed. From this figure we observe that for the DwPTS duration of 6 symbols only the high-speed configurations DMRS-add-pos =2,3 have one additional DM-RS in symbol 6. However, this pattern could in principle also apply to the one additional DM-RS configurations DMRS-add-pos =1.
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 to Table 4. 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.
Currently, the DM-RS locations for PDSCH mapping type B are restricted to PDSCH durations of 2, 4 and 7 symbols, whereas DM-RS locations for PUSCH mapping type B are supported for all PUSCH durations.
[bookmark: _Ref506484092]The DM-RS locations supported for PUSCH type B are also applicable to PDSCH type B.
Proposal 2 can readily be implemented by updating corresponding UL and DL related tables in 38.211, as shown for the case of PDSCH/PUSCH type B mapping in Table 1 to Table 4.
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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: _Ref506385724]Figure 2. Incomplete co-existence with LTE TDD with current DM-RS patterns.
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[bookmark: _Ref503389137]Figure 3. Proposed DM-RS locations which requires support for three additional DM-RS patterns, labelled as a), b) and c).
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[bookmark: _Ref506305566]Figure 4. Co-existence with LTE TDD per Proposal 1.

[bookmark: _Ref503514917]Table 1: Revised Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
	PDSCH duration in symbols
	
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
	

	-
	-
	-
	
0
	
	
	

	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
	
0
	0, 10
	0, 5, 10
	0, 3, 6, 9




Table 2: Revised Table 7.4.1.1.2-4: PDSCH DM-RS positions  for double-symbol DM-RS.
	PDSCH duration in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

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

	
	0
	1
	2
	0
	1
	2

	<8≤7
	

	-
	
	
0
	-
	

	8
	

	-
	
	
0
	0, 5
	

	9
	

	-
	
	
0
	0, 5
	

	10
	

	
, 8
	
	
0
	0, 7
	

	11
	

	
, 8
	
	
0
	0, 7
	

	12
	

	
, 8
	
	
0
	0, 9
	

	13
	

	
, 10
	
	
0
	0, 10
	

	14
	

	
, 10
	
	
0
	0, 10
	




[bookmark: _Ref503534598]Table 3: 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
	0
	0, 10
	0, 5, 10
	0, 3, 6, 9




[bookmark: _Ref506484002]Table 4: Revised Table 6.4.1.1.3-4: PUSCH DM-RS positions  for double-symbol DM-RS.
	[bookmark: _Hlk498007820]PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	UL-DMRS-add-pos
	UL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤7
	

	-
	
	
	0
	-
	
	

	8
	

	-
	
	
	0
	0, 5
	
	

	9
	

	-
	
	
	0
	0, 5
	
	

	10
	

	
, 8
	
	
	0
	0, 7
	
	

	11
	

	
, 8
	
	
	0
	0, 7
	
	

	12
	

	
, 8
	
	
	0
	0, 9
	
	

	13
	

	
, 10
	
	
	0
	0, 10
	
	

	14
	

	
, 10
	
	
	0
	0, 10
	
	



Resource specific DM-RS sequence mapping
Resource-specific DM-RS mapping is captured in [1] as follows


   (UL)             (DL).
The corresponding frequency-domain mapping is illustrated in Figure 5 from which we observe that the DM-RS sequence in one CDM group is copied into the other CDM group(s). Such mapping may have CM/PAPR issues when DM-RS ports from different CDM groups are spatially multiplexed such that ports are sharing same PA’s.
To illustrate this issue, consider a 2TX case in the uplink with DM-RS on port 0 (CDM group 0) and port 2 (CDM group 1), i.e. the two DM-RS ports are separated by FDM. For Type 2, we note that this 2-port scenario implies that  is not mapped into the CDM group 2, as in Figure 5, i.e. the CDM group 2 is either empty or carries data. 
The UE then apply the precoder [1 1; 1 -1], or [1 1; j -j], which leads to the precoded DM-RS sequences that will be transmitted from each precoded antenna port (see [3]) as illustrated in Figure 6. In this illustration, the resource elements associated with CDM group 2 are empty. However, when the CDM group 2 is not empty, these resources carry data that have been precoded in the same way as the DM-RS.
In first row of Table 5, the cubic metric of CP-OFDM data (similar CM for QPSK and QAM) is for an 50 RB allocation compared to the CM of the DM-RS mapped on CDM groups as shown in Figure 5 and then precoded as shown in Figure 6. For Type 2, the value within the parenthesis refers to when data is mapped on the non-active CDM group 2. From this table we first conclude that the CM of Type 1 and Type 2 with no FDM with data are basically the same and that mapping data in the non-active CDM group reduces the CM significantly. We then conclude that the current DM-RS mapping leads to a CM loss of 2.5dB with respect to symbols carrying data.
The second row of Table 5 shows the corresponding cubic metric when DM-RS is mapped in frequency-domain as illustrated in Figure 7 for Type 1. Here, the subcarrier-specific mapping means 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]. 
With CDM group-specific DMRS we here refer to DM-RS sequences that differ across the CDM groups, as in the case with SC specific mapping, but the sequence lengths per CDM group are as in Figure 5. One example of CDM group specific mapping is to let the initialization of the pseudo-random sequence generator depend on the CDM group.
Evidently, from Table 5 we conclude that the CM obtained with subcarrier-specific and CDM group-specific DM-RS mapping will be on par with the CM of PUSCH (PDSCH). Hence, to avoid unnecessary output power loss either of these CP-OFDM CM preserving mapping ways should be adopted. 
To avoid unnecessary output power loss in spatial multiplexing, DM-RS should be mapped to CDM groups in a subcarrier-specific manner or in a CDM group-specific manner.   
 
[bookmark: _Ref506485755]Table 5. Cubic Metric [dB].
	
	CP-OFDM
	Type 1
	Type-2 (data in CDM-2)

	DM-RS mapping as in Figure 5 and precoding as in Figure 6 
	4.0
	6.5
	6.5 (5.4)

	With SC specific or CDM group specific DMRS as in Figure 7
	4.0
	4.0
	4.0 (4.0)



[image: ]
[bookmark: _Ref503389278]Figure 5. Currently captured DM-RS mapping to CDM groups.
[image: ]
[bookmark: _Ref506482955]Figure 6. DM-RS after precoding with [1 1; 1 -1] or [1 1; j -j] with currently captured DM-RS mapping using port 0 and port 2 in Type 1 and port 0,2 in Type 2 respectively.

[image: ]
[bookmark: _Ref506488044]Figure 7. Subcarrier-specific or CDM group-specific DM-RS mapping illustrated for Type 1. 

Sequence generation for broadcast PDSCH
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,  is the slot number within a frame, 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.
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
[bookmark: _Toc500952734]7.4.1.1.1	Sequence generation

The UE shall assume the sequence  is defined by

.

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,  is the slot number within a frame, and


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


-	 and  otherwise

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

Sequence generation for Msg3 PUSCH
For Msg3 PUSCH, either scheduled by Msg2 or by Temporary C-RNTI, the UE must use the default DMRS scrambling since the network does not know whether the UE is configured with a scrambling ID or not. Particularly, the gNB does not know whether the UE is in NSA or SA operation at this stage and hence, default must be used. 
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the 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,  is the slot number within a frame, and


-	 and  is given by the higher-layer parameter UL-DMRS-Scrambling-ID if provided and the transmitted PUSCH is not a Msg3 PUSCH according to Clause 8.3 in [TS38.213]. 


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

>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
[bookmark: _Hlk506195760]6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to





where  is given by clause 5.2.2 with and  for a PUSCH transmission dynamically scheduled by DCI.


The sequence group , where  is given by


-	 if  is configured by the higher-layer parameter nPUSCH-Identity-Transform-precoding and the transmitted PUSCH is not a Msg3 PUSCH according to Clause 8.3 in [TS38.213].

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