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Introduction
In this contribution, we discuss some remaining issues and possible approaches to complete and correct the related parts in specifications regarding DMRS. 
Discussion on DMRS ports grouping 
2.1. Definition of DMRS port group
In RAN1 NR AH-1701 meeting, it was agreed to support grouping of DMRS ports[1]:
Agreements:
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.
· Study RS for performing estimation of large scale properties of channel (E.g., Doppler shift/Doppler spread/delay spread)
· QCL supports following functionalities
· Beam management functionality: at least including spatial parameters
· Frequency/timing offset estimation functionality: at least including Doppler/delay parameters
· RRM management functionality: at least including average gain
· Others are not precluded

Furthermore, in RAN1 #89, it was agreed that all the parameters can be assumed to be QCLed for PDSCH DMRS ports within each DMRS group[2]:
Agreements:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed

In RAN1#NR-AH1702, the following agreements on supported number of DMRS port groups were reached[3]:
Agreements:
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
· QCL assumption across carriers and bandwidth parts for DL
· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability
· FFS whether or not to have UE assisted management

Based on the RRC parameters summarized in [4] and the corresponding LS to RAN2[5], configuration of up to 2 DMRS port groups is supported by higher-layer signaling[6]. 
TS 38.331
6.3.2 Radio resource control information elements
-  PDSCH-Config
…
PDSCH-Config information element

	-- DM-RS groups that are QCL:ed, i.e. group 1 (see 38.214, section 5.1)
	-- CHECK: Clarify how to configure the DMRS groups and the relation to TCI.
	dmrs-group1								TYPE_FFS!,
	-- DM-RS groups that are QCL:ed, i.e. group 2 (see 38.214, section 5.1)
	dmrs-group2								TYPE_FFS!,
…


The agreements listed above are partially captured in section 5.1.6.2 of TS 38.214 with the following statements[7]. 
TS 38.214
5.1.6.2 DM-RS reception
…
A UE may assume that the DM-RS ports configured with higher layer parameter [-dmrs-group1] or [dmrs-group2] are quasi co-located (as defined in Subclause 4.3.1 of [4, TS 38.211]) with respect to delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial RX parameters.
…


As shown above, there isn’t any restriction on DMRS ports in different groups being non-QCLed in the current specifications. Therefore, it’s inconsistent with previous agreements reached in RAN1 NR AH-1701[1]. 
Meanwhile in RAN1 #91, the following agreements on PTRS were made.
Agreement:
· The number of DL PTRS ports is higher layer configured per TCI state for PDSCH transmission in the higher layer parameter DL-PT-RS-ports
· If the number of DL PTRS ports associated to the TCI in DCI is 2,  the number of PTRS ports is 2, and the each PT-RS is associated with the corresponding DMRS port group, and UE does not expect to be scheduled with one DMRS port group and such TCI state
· If the number of DL PTRS ports associated to the TCI in DCI is 1,  the number of PTRS port is 1, the phase tracking association follow the previous agreements
· If one PTRS port is transmitted and the scheduled DMRS ports are from two DMRS port groups, UE may utilize the PTRS port for phase tracking for PDSCH layers corresponding to DMRS ports in the  two DMRS port groups (i.e., the PTRS port is shared among the two DMRS port groups)
· For 2-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is smaller than 1 when configured present
· For 4-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is equal to ¼ when configured present
· If the last N MCS entries are reserved (no coding rate or modulation order or TBS is given), where N is 3 for MCS table with up to 64QAM  and N is 4 for MCS table with up to 256QAM, support the following
· For adaptive retransmissions, when the scheduled MCS > V, where V = 28 for MCS table with up to 64QAM and V = 27 for MCS table with up  to 256QAM, the time-density of PTRS is determined based on the MCS of initial transmission, which is smaller than or equal to V
Agreement
· A DL PTRS port and the DL DMRS port(s) within the associated DL DMRS port group are QCLed w.r.t {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}
· If one DL PTRS port is transmitted for two scheduled DL DMRS port groups, the PTRS port and the DMRS port(s) which are not in the associated DMRS port group are QCLed w.r.t. {Doppler spread, Doppler shift} and FFS: spatial QCL parameters

Based on the above agreements, the following description on QCL relationship among DMRS port groups is captured in  38.214[7].
TS 38.214
[bookmark: _Toc501048177]5.1.6.3 PT-RS reception procedure
…
· If one PT-RS port is transmitted to a UE and the UE is scheduled with DM-RS ports from two DM-RS port groups, the UE may assume the PT-RS port is shared among the two DM-RS port groups.
· If one DL PT-RS port is transmitted for two scheduled DL DM-RS port groups, the PT-RS port and the DM-RS port(s) within the DM-RS port group which does not contain the DM-RS port associated with the PT-RS port are assumed to be quasi co-located with respect to {Doppler spread, Doppler shift}. Otherwise, the PT-RS port and the DL DM-RS port(s) within the DL DM-RS port group which contains the DM-RS port associated with PT-RS port are assumed to be quasi co-located with respect to {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}.
…


According to the above agreements and corresponding description in section 5.1.6.3 of 38.214, if one PTRS port is transmitted for two scheduled DMRS port groups, the DMRS ports from the two groups share the same QCL parameters of {Doppler spread, Doppler shift}. This is in conflict with the previous agreement on definition of DMRS port group saying that DMRS ports with different groups are non-QCLed. To solve this issue, either the description of PTRS or definition of DMRS port group needs to be revised.
Before revising the spec and capturing the above agreements, the following factors needs to be considered carefully.
· In NR, PT-RS is introduced to overcome the impact of phase noise. However, the frequency-domain properties of equivalent channel, a.k.a. Doppler spread and Doppler shift, include the overall influence of RF devices, e.g. local oscillator, and propagation media of the wireless channel. Therefore, it is questionable whether the same Doppler spread and shift apply to both DMRS port groups, even if the same RF chain is shared by them.
· As shown below, according to the agreements on QCL types and linkages reached in RAN1 #91 meeting[10], TypeB QCL Doppler spread and shift apply to below 6GHz only. This also implies that with narrower beam in higher frequency band, as the dominant clusters covered by each beam would be different, it’s hard to keep the same Doppler spread and shift properties for reference signals with different beams.
Agreement: 
QCL types A: Doppler shift, Doppler spread, average delay, delay spread
QCL types B: Doppler shift, Doppler spread
QCL types C: average delay, Doppler shift
QCL types D: Spatial Rx
…
QCL linkage for below 6GHz after RRC
signalling
SSB  TRS: Doppler shift, average delay
QCL type: C
TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread, average delay, delay spread
QCL type: A
TRS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
QCL type: A
TRS  CSI-RS for CSI acquisition: Doppler shift, Doppler spread
QCL type: B
CSI-RS  DMRS: Doppler shift, Doppler spread, average delay, delay spread 
QCL type: A
…
…


· As mentioned above, the intention of introducing PT-RS was to compensate phase noise but not to build up QCL linkage. However, based on current statement of QCL relationship between PT-RS and DMRS, if one DL PT-RS port is transmitted for two scheduled DL DM-RS port groups, the DM-RS port(s) within the DM-RS port group which does not contain the DM-RS port associated with the PT-RS port (noted as DMRS port group B for short) can obtain the Doppler spread and shift properties from the PR-RS port. In fact, for channel estimation purpose, a TypeA QCL reference is still needed for DMRS port group B. In such case, if the Doppler spread and shift parameters obtained from the PT-RS port and the indicated TypeA QCL reference are different, it would be problematic for UE to tune its channel estimator. On the other hand, if TypeA QCL reference is always indicated with identical Doppler properties to the PT-RS for DMRS port group B, the restriction to the scheduler in such manner would be harmful to system performance.
Based on the above discussion, we have the following proposal.
Proposal: Revise the description of QCL relationship between PT-RS and DMRS for single PT-RS port case in 5.1.6.3 of 38.214 and capture the agreed definition of DMRS port group in 5.1.6.2 as below
-----------------------------------------------------Start of CR to 38.214---------------------------------------------------------------
5.1.6.2	DM-RS reception procedure
Unaffected parts omitted…
A UE may assume that the DM-RS ports configured with higher layer parameter [-dmrs-group1] or [dmrs-group2] are quasi co-located (as defined in Subclause 4.3.1 of [4, TS 38.211]) with respect to delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial RX parameters. UE cannot assume that the DMRS ports in different groups are quasi co-located.
Unaffected parts omitted…
5.1.6.3	PT-RS reception procedure
If the number of DL PT-RS ports associated to a TCI -state in DCI is set to 1, the number of PT-RS ports is 1
-	If one PT-RS port is transmitted to a UE and the UE is scheduled with DM-RS ports from two DM-RS port groups, the UE may assume the PT-RS port is shared among the two DM-RS port groups.
-	If one DL PT-RS port is transmitted for two scheduled DL DM-RS port groups, the PT-RS port and the DM-RS port(s) within the DM-RS port group which does not contain the DM-RS port associated with the PT-RS port are assumed to be quasi co-located with respect to {Doppler spread, Doppler shift}. Otherwise, the PT-RS port and the DL DM-RS port(s) within the DL DM-RS port group which contains the DM-RS port associated with PT-RS port are assumed to be quasi co-located with respect to {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}.
-	If a UE is scheduled with one codeword, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH.
-	If a UE is scheduled with two codewords, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port assigned for codeword 0.
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.214--------------------------------------------------------------


2.2. Configuration of DMRS port group
As discussed above, up to two DMRS port groups are supported. However, how to group the DMRS ports is still left open up to now. As agreed in previous meeting, and also stated in TS 38.211[8], the UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx parameters. Consequently, it’s reasonable to group DMRS ports according to CDM group. That is to say, the DMRS ports within a CDM group is included in only one DMRS group. 
Proposal: The DMRS ports within a CDM group are included in only one DMRS group.
Proposal: The DMRS groups can be configured with the following values for the case DL-DMRS-config-type=1 and 2 respectively:
· DL-DMRS-config-type=1
· Dmrs-group1={CDM group 0}, {CDM group 1},{CDM group 0,1} or {}
· Dmrs-group2={CDM group 0}, {CDM group 1},{CDM group 0,1} or {}
· DL-DMRS-config-type=2
· Dmrs-group1={CDM group 0}, {CDM group 1},{CDM group 0,1} ,{CDM group 0,1,2} or {}
· Dmrs-group2={CDM group 0}, {CDM group 1},{CDM group 0,1} ,{CDM group 0,1,2} or {}
Editorial issues
3.1. Overlapped description of reference point 
For UL, the statement of frequency-domain reference point for PUSCH DMRS physical resource mapping can be found in both section 6.4.1.1.3 of 38.211 and section 6.2.2 of 38.214. In section 6.4.1.1.3 of 38.211, the following description of reference point for k is shown.
TS 38.211
6.4.1.1.3 Mapping to physical resource
…

The UE shall map the sequence  to resource elements according to
-	if transform precoding is not enabled, 



	and the reference point for  is subcarrier 0 in common resource block 0.
-	if transform precoding is enabled



	and the reference point for  is subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation.
…


In section 6.2.2 of 38.214, similar description is also shown as below.
TS 38.214
6.2.2 UE DM-RS transmission procedure
…

If transform precoding is not enabled, the reference point for  is subcarrier 0 in common resource block 0, otherwise the subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation.
…


To avoid duplicated descriptions in spec, the above overlapping part can be removed from either 38.211 or 38.214 to avoid duplicated description in spec.
Proposal: Remove duplicated description of frequency-domain reference point for PUSCH DMRS physical resource mapping in either section 6.4.1.1.3 of 38.211 or section 6.2.2 of 38.214. 
Similar to UL, for PDSCH DMRS, description of reference point in frequency domain appears in section 7.4.1.1.2 of 38.211 as well as section 5.1.6.2 of 38.214, corresponding excerpts from 38.211 and 38.214 are shown below. Therefore, the two parts can be merged into either 38.211 or 38.214. 
Proposal: Merge description of frequency-domain reference point for PDSCH DMRS physical resource mapping into either section 7.4.1.1.2 of 211 or section 5.1.6.2 of 214. 
TS 38.211
7.4.1.1.2 Mapping to physical resource
…

The reference point for  is 
-	for PDSCH transmission carrying RMSI, subcarrier 0 of the lowest-numbered common resource block in the CORESET configured by the PBCH
-	otherwise, subcarrier 0 in common resource block 0 
…


TS 38.214
6.2.2 UE DM-RS transmission procedure
…
For PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, a UE shall assume that DM-RS sequence is started from the lowest PRB of CORESET signalled in PBCH, otherwise DM-RS sequence is started from the reference point A for the corresponding PDSCH
…


3.2. Overlapped description of CDM group 
As shown below, overlapped description of CDM group numbering for both PDSCH and PUSCH DMRS are presented in 38.212 and 38.214. Therefore, for PUSCH, duplicated descriptions of CDM group numbering can be removed from either section 7.3.1.1.2 of 38.212 or section 6.6.2 of 38.214. For PDSCH, it would be better to remove duplicated description of CDM group numbering in either section 7.3.1.2.2 of 38.212 or section 5.1.6.2 of 38.214 as well. 
TS 38.212
7.3.1.1.2 Format 0_1
…
where the number of CDM groups without data of values 1, 2, and 3 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.
…
7.3.1.2.2 Format 1_1
…
· Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.
…


TS 38.214
5.1.6.2 DM-RS reception procedure
…
A UE shall assume that the CDM groups indicated in the configured index from Table 7.3.1.2.2-1-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where “1”, “2” and “3” for the number of DMRS CDM group(s) in Table 7.3.1.2.2-1-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
…
6.2.2 UE DM-RS transmission procedure
…
A UE shall assume the DM-RS CDM groups indicated in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 of Subclause 7.3.1.1 of [5, TS38.212] are not used for data transmission, where “1”, “2” and “3” for the number of DM-RS CDM group(s) correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
…


Proposal: For PUSCH, consider to remove duplicated description of CDM group numbering in either section 7.3.1.1.2 of 38.212 or section 6.6.2 of 38.214. 
Proposal: For PDSCH, consider to remove duplicated description of CDM group numbering in either section 7.3.1.2.2 of 38.212 or section 5.1.6.2 of 38.214.
3.3. Redundancy in PDSCH DM-RS position table  
In the description of PDSCH DM-RS for double-symbol DM-RS in section 7.4.1.1.2, the first 3 rows correspond to the cases with PDSCH duration of less than 8, 8 and 9 symbols. It’s noted that the DM-RS positions for both PDSCH mapping type A and B for different values of DL-DMRS-add-pos are all the same. Therefore, it can be considered to reduce the dimension of Table 7.4.1.1.2-4 by merging the first 3 rows.
Proposal: Consider to reduce the dimension of Table 7.4.1.1.2-4 by merging the first 3 rows.
-----------------------------------------------------Start of CR to 38.211---------------------------------------------------------------
[bookmark: _Toc500952735]7.4.1.1.2	Mapping to physical resources
Unaffected parts omitted…

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


-





8


-





≤9


-





10



, 8





11



, 8





12



, 8





13



, 10





14



, 10





Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.211--------------------------------------------------------------

3.4. Relationship between DL-DMRS-typeA-pos and UL-DMRS-add-pos for PUSCH mapping type A

[bookmark: _Hlk506540417]According to the agreement to support the alignment of the position of front-load DMRS for UL and DL, as also pointed out by editor of 38.211, the first symbol of DMRS for PUSCH mapping type A should be given by the higher-layer parameter DL-DMRS-typeA-pos. Consequently, it’s stated that for PUSCH mapping type A,  is given by the higher-layer parameter DL-DMRS-typeA-pos. However, the subsequent description on the relationship between DL-DMRS-typeA-pos and UL-DMRS-add-pos for PUSCH mapping type A is not revised accordingly. Therefore, we have the following proposal.
Proposal: The description on the relationship between DL-DMRS-typeA-pos and UL-DMRS-add-pos for PUSCH mapping type A should be revised to capture the agreement for supporting the alignment of the position of front-load DMRS for UL and DL.
-----------------------------------------------------Start of CR to 38.211---------------------------------------------------------------
6.4.1.1.3	Mapping to physical resources
Unaffected parts omitted…

[bookmark: _Hlk506539758][bookmark: _Hlk506539744]The position(s) of the DM-RS symbols is given by  and the signalled duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PUSCH resources in the slot for PUSCH mapping type A, or the signalled duration of scheduled PUSCH resources for PUSCH mapping type B according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4. For PUSCH mapping type A, the case UL-DMRS-add-pos equal to 3 is only supported when ULDL-DMRS-typeA-pos is equal to 2.
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.211--------------------------------------------------------------


Other issues
4.1. DMRS pattern for PDSCH mapping type B with 2/4/7 symbols
In RAN1 #91[10], the following agreements on DMRS patterns for PDSCH mapping type B with 2/4/7 symbols when PDSCH collides with CORESET were reached.
Agreement: 
For 2/4/7-symbol non-slot-based scheduling, when the first symbol of PDSCH and reserved resources for CORESET(s) are FDMed and the PDSCH in any of the scheduled OFDM symbols collides with the reserved resources for CORESET(s) in frequency domain: 
· the first symbol of front-load DMRS is mapped to the next PDSCH symbol following the configured CORESET(s). 
· For 4-symbol non-slot-based scheduling, UE doesn’t expect to receive DMRS beyond the (downselection needed) third symbol OFDM symbol of the non-slot scheduling unit.
· For 7-symbol non-slot-based scheduling, UE doesn’t expect to receive front-load DMRS beyond the forth OFDM symbol of the non-slot scheduling unit.
· If an one-symbol additional DMRS is configured, it is transmitted on the 5th symbol with respect to the front-load DMRS symbol in the 5th or 6th symbol of the scheduling unit, otherwise it is dropped if it moves to the last, or beyond the last symbol of the scheduling unit. 


Based on contributions from several companies as well as the discussion in the last meeting, the following agreement was made. 
Agreement:
Agree to the following text proposal for Sect 7.4.1.1.2, in 38.211:

For PDSCH mapping type B with duration of 2, 4, or 7 OFDM symbols, and the PDSCH allocation collides with resources reserved for a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET.
· If PDSCH duration is 4 symbols, UE does not expect to receive a DM-RS symbol beyond the third symbol,
· If PDSCH duration is 7 symbols, UE does not expect to receive the front-load DM-RS beyond the forth symbol 
· If one additional DM-RS is configured, it may only be transmitted in the 5th or 6th symbol with respect to the front-load DMRS symbol, otherwise it is not transmitted.
For PDSCH mapping type B, if the PDSCH duration is 2 or 4 OFDM symbols, only single-symbol DM-RS is supported.


Thereafter, the above agreement is captured in current draft CR to 38.211[8] with the following statements.
TS 38.211
7.4.1.1.2 DM-RS reception procedure
…
For PDSCH mapping type B

-	if the PDSCH duration is 2, 4, or 7 OFDM symbols, and the PDSCH allocation collides with resources reserved for a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and
-	if the PDSCH duration is 4 symbols, the UE is not expected to receive a DM-RS symbol beyond the third symbol,
-	if the PDSCH duration is 7 symbols, 
-	the UE is not expected to receive the first DM-RS beyond the fourth symbol, and
-	if one additional DM-RS is configured, the UE only expects the additional DM-RS to be transmitted on the 5th or 6th symbol relative to the first DM-RS symbol.
-	if the PDSCH duration is 2 or 4 OFDM symbols, only single-symbol DM-RS is supported.
…


It’s noted that the agreed text proposal listed above is inconsistent with the agreements reached in RAN1 #91:
· For 7-symbol duration, the agreements in RAN1 #91 stated that if a one-symbol additional DMRS is configured, it is transmitted on the 5th symbol with respect to the front-load DMRS symbol. It means that the spacing in number of symbols between front-load DMRS and additional DMRS should be kept by shifting them altogether. However, it turns into the statement that if one additional DM-RS is configured, it may only be transmitted in the 5th or 6th symbol with respect to the front-load DMRS symbol. This implies that the location of additional DMRS symbol relative to the front-load DMRS could be variable. 
· Also, according to the agreements in RAN1 #91, for 7-symbol duration, the additional DMRS is dropped if it moves to the last, or beyond the last symbol of the scheduling unit. While in the agreed TP in last meeting and the corresponding description in current 38.211, the additional DMRS is not transmitted, if it is not located in the 5th or 6th symbol with respect to the front-load DMRS symbol, which do not necessarily to be the last, or beyond the last symbol of the scheduling unit.
· 
For description of DMRS symbol position, the reference point in time domain is always specified. For example, for PDSCH mapping type B, it’s stated in 38.211 that  is defined relative to the start of the scheduled PDSCH resources. However, in current 38.211, such reference point is missing, as the phrase like “the UE is not expected to receive the first DM-RS beyond the fourth symbol” is used. To avoid any ambiguity in spec, the expression in agreements of RAN1 #91, such as “UE doesn’t expect to receive DMRS beyond the (downselection needed) Xth symbol OFDM symbol of the non-slot scheduling unit’, serve as a more precise approach to descript the DMRS symbol position in case of collision.
Besides those inconsistences, there is still one issue with the agreement in RAN1 #91.
· As shown in Figure 1, if a one-symbol additional DMRS is configured, for PDSCH type B with 7 symbols and without collision between DMRS and CORESET, the positions for the front-load DMRS symbol and the additional DMRS symbol are 0 and 4, relative to the start of the scheduled PDSCH resources.
[image: ]
Figure 1. DMRS pattern for PDSCH type B with 7 symbols and a one-symbol additional DMRS configured 
· According to the agreements in RAN1 #91, on the other hand, if a one-symbol additional DMRS is configured, it is transmitted on the 5th symbol with respect to the front-load DMRS symbol. In the corresponding pattern shown in Figure 2, the positions for the front-load DMRS symbol and the additional DMRS symbol are 0 and 5, relative to the start of the scheduled PDSCH resources. It’s observed in Figure 2 that for the case without DMRS symbol shift (upper figure), the additional DMRS is already located in the 6th symbol of the scheduling unit. If front-load and additional DMRS symbol is shifted to the next symbol to avoid collision with the resources reserved for CORESET, as the additional DMRS symbol is located in the last symbol, it can only be dropped. Consequently, actually no additional DMRS symbol can be transmitted if the mechanism of collision avoidance based on DMRS symbol shifting and dropping is applied.
[image: ]
Figure 2. DMRS pattern for PDSCH type B with 7 symbols and a one-symbol additional DMRS configured according to the agreements in RAN1 #91. (upper: 0-symbol shifted, lower: 1-symbol shifted)
Therefore, it’s more reasonable to keep the additional DMRS in the 4th symbol relative to the front-load DMRS symbol, and drop it if it moves to the last, or beyond the last symbol of the scheduling unit.
Based on the discussion above, we have the following proposal.
Proposal: Modify the description in section 7.4.1.1.2 of 38.211 for DMRS patterns of PDSCH mapping type B with 2/4/7 symbols when PDSCH collides with resources reserved for CORESET.
-----------------------------------------------------Start of CR to 38.211---------------------------------------------------------------
7.4.1.1.2	Mapping to physical resources
Unaffected parts omitted…
[bookmark: _Hlk506110302]For PDSCH mapping type B

-	if the PDSCH duration is 2, 4, or 7 OFDM symbols, and the PDSCH allocation collides with resources reserved for a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and
-	if the PDSCH duration is 4 symbols, the UE is not expected to receive a DM-RS symbol beyond the third symbol of the scheduling unit,
-	if the PDSCH duration is 7 symbols, 
-	the UE is not expected to receive the first DM-RS beyond the fourth symbol of the scheduling unit, and
-	if one additional DM-RS is configured, it is transmitted on the 4th symbol relative to the front-load DMRS symbol if it is not the last, or beyond the last symbol of the scheduling unit, otherwise it is dropped.the UE only expects the additional DM-RS to be transmitted on the 5th or 6th symbol relative to the first DM-RS symbol.
-	if the PDSCH duration is 2 or 4 OFDM symbols, only single-symbol DM-RS is supported.
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.211--------------------------------------------------------------

4.2. DMRS pattern for PUSCH 
In RAN1 #91, the following agreement on DMRS patterns for PUSCH was made.
Agreement
For the PUSCH without a hop, when the first symbol of the front-load DMRS is located in the first OFDM symbol with respect to the scheduled data, the additional DMRS can be located as follows (orange colour symbols contain PUSCH):
One additional 1-symbol DMRS 
[image: ]
Two additional 1-symbol DMRS
[image: ]
Three additional 1-symbol DMRS
[image: ]
One additional 2-symbol DMRS
[image: ]
-

As shown below, the above agreement has already been captured in current version of 211. 
------------------------------------------------------------------------------------------------------------------------------------------------TS 38.211
6.4.1.1.3 Mapping to physical resources
…

Table 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS.
[bookmark: _Hlk503444976] 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
0, 4
-
-
8


-
-
-
0
0, 6
0, 3, 6
-
9



, 7
-
-
0
0, 6
0, 3, 6
-
10



, 9

, 6, 9
-
0
0, 8
0, 4, 8
0, 3, 6, 9
11



, 9

, 6, 9
-
0
0, 8
0, 4, 8
0, 3, 6, 9
12



, 9

, 6, 9

, 5, 8, 11
0
0, 10
0, 5, 10
0, 3, 6, 9
13



, 11

, 7, 11

, 5, 8, 11
0
0, 10
0, 5, 10
0, 3, 6, 9
14



, 11

, 7, 11

, 5, 8, 11
[0]
[0, 10]
[0, 5, 10]
[0, 3, 6, 9]
…


It’s stated that for PUSCH duration in symbols less than or equal to 7, a 1-symbol additional DMRS can be transmitted in the 4th symbol relative to the start of the scheduled PUSCH resources. However, according to the above agreement in RAN1 #91, it happens only for the PUSCH durations larger than 4 symbols. To capture this agreement more accurately, we have the following proposal.
Proposal: Correct Table 6.4.1.1.3-3 according to the DMRS patterns agreed in RAN1 #91.
-----------------------------------------------------Start of CR to 38.211----------------------------------------------------------------
[bookmark: _Toc500952685]6.4.1.1.3	Mapping to physical resources
Unaffected parts omitted…

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

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

0
1
2
3
0
1
2
3
<4





0



≤5, 6, 7


-
-
-
0
0, 4
-
-
8


-
-
-
0
0, 6
0, 3, 6
-
9



, 7
-
-
0
0, 6
0, 3, 6
-
10



, 9

, 6, 9
-
0
0, 8
0, 4, 8
0, 3, 6, 9
11



, 9

, 6, 9
-
0
0, 8
0, 4, 8
0, 3, 6, 9
12



, 9

, 6, 9

, 5, 8, 11
0
0, 10
0, 5, 10
0, 3, 6, 9
13



, 11

, 7, 11

, 5, 8, 11
0
0, 10
0, 5, 10
0, 3, 6, 9
14



, 11

, 7, 11

, 5, 8, 11
[0]
[0, 10]
[0, 5, 10]
[0, 3, 6, 9]
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.211----------------------------------------------------------------

4.3. DMRS pattern before RRC 
In RAN1 #91 the working assumption on DMRS pattern for broadcast/multicast was confirmed and extended to unicast before RRC.
[bookmark: _Toc499836830]Agreement: 
Confirm working assumption of using configuration type 1 for slot-based broadcast/multicast PDSCH and extend this DMRS type to
· slot-based unicast PDSCH before RRC configuration and slot-based unicast PUSCH before RRC configuration (CP-OFDM and DFT-S-OFDM)
· For slot-based broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration, use two additional 1-symbol DMRS, with location of additional DMRS indicated in PDCCH following the agreed DMRS locations for unicast PDSCH/PUSCH after RRC configuration.
· 2/4/7-symbol non-slot-based scheduling for multicast/broadcast PDSCH and unicast PDSCH before RRC configuration.
· For 2/4-symbol non-slot-based scheduling, the one-symbol front-load DMRS is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
· For 7-symbol non-slot-based scheduling, one-symbol front-load DMRS plus one additional DMRS symbol on the 5th symbol if it is part of the scheduling unit with respect to the front-load is used for broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration.
· Broadcast/multicast PDSCH and PDSCH before RRC configuration is happening, for both slot and 4/7-symbol non-slot-based, with DMRS port 0 using SU-MIMO and no PDSCH FDMed on the DMRS symbol. For 2 symbol non-slot based, there is only FDM.
· PUSCH before RRC configuration is happening, for both slot and non-slot-based, with DMRS port 0 using SU-MIMO and no PUSCH FDMed on the DMRS symbol.


However, the agreement on DMRS patterns for unicast PDSCH/PUSCH are not captured in current version of 38.211. Therefore, we have the following proposal:
Proposal: Capture the agreement reached in RAN1 #91 on DMRS patterns for unicast PDSCH and PUSCH before RRC in section 5.1.6.2 and 6.2.2 respectively in 38.214.
-----------------------------------------------------Start of CR to 38.214---------------------------------------------------------------
[bookmark: _Toc501048176][bookmark: _Hlk506538047]5.1.6.2	DM-RS reception procedure
[bookmark: _Hlk505765561]Unless the UE is configured with higher layer parameter DL-DMRS-config-type, DL-DMRS-max-len, DL-DMRS-add-pos and DL-DMRS-typeA-pos (applicable to PDSCH mapping type A only), and the received PDSCH is scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTIWhen receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B, and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted the UE assuming that all the orthogonal antenna ports are associated with transmission of its PDSCH., and in addition
Unaffected parts omitted…
[bookmark: _Toc501048224]6.2.2	UE DM-RS transmission procedure
Unless the UE is configured with higher layer parameter UL-DMRS-config-type, UL-DMRS-max-len, UL-DMRS-add-pos and DL-DMRS-typeA-pos (applicable to PUSCH mapping type A only), and the transmitted PUSCH is scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTIWhen transmitting PUSCH is not scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTI, the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211], and
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.214--------------------------------------------------------------


Conclusions
In this contribution, we discuss some of remaining issues of DMRS, and we have the following proposals:
Proposal: Revise the description of QCL relationship between PT-RS and DMRS for single PT-RS port case in 5.1.6.3 of 38.214 and capture the agreed definition of DMRS port group in 5.1.6.2 as below
-----------------------------------------------------Start of CR to 38.214---------------------------------------------------------------
5.1.6.2	DM-RS reception procedure
Unaffected parts omitted…
A UE may assume that the DM-RS ports configured with higher layer parameter [-dmrs-group1] or [dmrs-group2] are quasi co-located (as defined in Subclause 4.3.1 of [4, TS 38.211]) with respect to delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial RX parameters. UE cannot assume that the DMRS ports in different groups are quasi co-located.
Unaffected parts omitted…
5.1.6.3	PT-RS reception procedure
If the number of DL PT-RS ports associated to a TCI -state in DCI is set to 1, the number of PT-RS ports is 1
-	If one PT-RS port is transmitted to a UE and the UE is scheduled with DM-RS ports from two DM-RS port groups, the UE may assume the PT-RS port is shared among the two DM-RS port groups.
-	If one DL PT-RS port is transmitted for two scheduled DL DM-RS port groups, the PT-RS port and the DM-RS port(s) within the DM-RS port group which does not contain the DM-RS port associated with the PT-RS port are assumed to be quasi co-located with respect to {Doppler spread, Doppler shift}. Otherwise, the PT-RS port and the DL DM-RS port(s) within the DL DM-RS port group which contains the DM-RS port associated with PT-RS port are assumed to be quasi co-located with respect to {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}.
-	If a UE is scheduled with one codeword, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH.
-	If a UE is scheduled with two codewords, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port assigned for codeword 0.
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.214--------------------------------------------------------------


Proposal: The DMRS ports within a CDM group are included in only one DMRS group.
Proposal: The DMRS groups can be configured with the following values for the case DL-DMRS-config-type=1 and 2 respectively:
· DL-DMRS-config-type=1
· Dmrs-group1={CDM group 0}, {CDM group 1},{CDM group 0,1} or {}
· Dmrs-group2={CDM group 0}, {CDM group 1},{CDM group 0,1} or {}
· DL-DMRS-config-type=2
· Dmrs-group1={CDM group 0}, {CDM group 1},{CDM group 0,1} ,{CDM group 0,1,2} or {}
· Dmrs-group2={CDM group 0}, {CDM group 1},{CDM group 0,1} ,{CDM group 0,1,2} or {}
Proposal: Remove duplicated description of frequency-domain reference point for PUSCH DMRS physical resource mapping in either section 6.4.1.1.3 of 38.211 or section 6.2.2 of 38.214. 
Proposal: Merge description of frequency-domain reference point for PDSCH DMRS physical resource mapping into either section 7.4.1.1.2 of 211 or section 5.1.6.2 of 214. 
Proposal: For PUSCH, consider to remove duplicated description of CDM group numbering in either section 7.3.1.1.2 of 38.212 or section 6.6.2 of 38.214. 
Proposal: For PDSCH, consider to remove duplicated description of CDM group numbering in either section 7.3.1.2.2 of 38.212 or section 5.1.6.2 of 38.214.
Proposal: Consider to reduce the dimension of Table 7.4.1.1.2-4 by merging the first 3 rows.
-----------------------------------------------------Start of CR to 38.211---------------------------------------------------------------
7.4.1.1.2	Mapping to physical resources
Unaffected parts omitted…

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


-





8


-





≤9


-





10



, 8





11



, 8





12



, 8





13



, 10





14



, 10





Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.211--------------------------------------------------------------

Proposal: The description on the relationship between DL-DMRS-typeA-pos and UL-DMRS-add-pos for PUSCH mapping type A should be revised to capture the agreement for supporting the alignment of the position of front-load DMRS for UL and DL.
-----------------------------------------------------Start of CR to 38.211---------------------------------------------------------------
6.4.1.1.3	Mapping to physical resources
Unaffected parts omitted…

The position(s) of the DM-RS symbols is given by  and the signalled duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PUSCH resources in the slot for PUSCH mapping type A, or the signalled duration of scheduled PUSCH resources for PUSCH mapping type B according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4. For PUSCH mapping type A, the case UL-DMRS-add-pos equal to 3 is only supported when ULDL-DMRS-typeA-pos is equal to 2.
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.211--------------------------------------------------------------


Proposal: Modify the description in section 7.4.1.1.2 of 38.211 for DMRS patterns of PDSCH mapping type B with 2/4/7 symbols when PDSCH collides with resources reserved for CORESET.
-----------------------------------------------------Start of CR to 38.211----------------------------------------------------------------
7.4.1.1.2	Mapping to physical resources
Unaffected parts omitted…
For PDSCH mapping type B

-	if the PDSCH duration is 2, 4, or 7 OFDM symbols, and the PDSCH allocation collides with resources reserved for a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and
-	if the PDSCH duration is 4 symbols, the UE is not expected to receive a DM-RS symbol beyond the third symbol of the scheduling unit,
-	if the PDSCH duration is 7 symbols, 
-	the UE is not expected to receive the first DM-RS beyond the fourth symbol of the scheduling unit, and
-	if one additional DM-RS is configured, it is transmitted on the 4th symbol relative to the front-load DMRS symbol if it is not the last, or beyond the last symbol of the scheduling unit, otherwise it is dropped.the UE only expects the additional DM-RS to be transmitted on the 5th or 6th symbol relative to the first DM-RS symbol.
-	if the PDSCH duration is 2 or 4 OFDM symbols, only single-symbol DM-RS is supported.
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.211---------------------------------------------------------------

Proposal: Correct Table 6.4.1.1.3-3 according to the DMRS patterns agreed in RAN1 #91.
-----------------------------------------------------Start of CR to 38.211----------------------------------------------------------------
6.4.1.1.3	Mapping to physical resources
Unaffected parts omitted…

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

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

0
1
2
3
0
1
2
3
<4





0



≤5, 6, 7


-
-
-
0
0, 4
-
-
8


-
-
-
0
0, 6
0, 3, 6
-
9



, 7
-
-
0
0, 6
0, 3, 6
-
10



, 9

, 6, 9
-
0
0, 8
0, 4, 8
0, 3, 6, 9
11



, 9

, 6, 9
-
0
0, 8
0, 4, 8
0, 3, 6, 9
12



, 9

, 6, 9

, 5, 8, 11
0
0, 10
0, 5, 10
0, 3, 6, 9
13



, 11

, 7, 11

, 5, 8, 11
0
0, 10
0, 5, 10
0, 3, 6, 9
14



, 11

, 7, 11

, 5, 8, 11
[0]
[0, 10]
[0, 5, 10]
[0, 3, 6, 9]
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.211----------------------------------------------------------------

Proposal: Capture the agreement reached in RAN1 #91 on DMRS patterns for unicast PDSCH and PUSCH before RRC in section 5.1.6.2 and 6.2.2 respectively in 38.214.
-----------------------------------------------------Start of CR to 38.214---------------------------------------------------------------
5.1.6.2	DM-RS reception procedure
Unless the UE is configured with higher layer parameter DL-DMRS-config-type, DL-DMRS-max-len, DL-DMRS-add-pos and DL-DMRS-typeA-pos (applicable to PDSCH mapping type A only), and the received PDSCH is scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTIWhen receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B, and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted the UE assuming that all the orthogonal antenna ports are associated with transmission of its PDSCH., and in addition
Unaffected parts omitted…
6.2.2	UE DM-RS transmission procedure
Unless the UE is configured with higher layer parameter UL-DMRS-config-type, UL-DMRS-max-len, UL-DMRS-add-pos and DL-DMRS-typeA-pos (applicable to PUSCH mapping type A only), and the transmitted PUSCH is scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTIWhen transmitting PUSCH is not scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTI, the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211], and
Unaffected parts omitted…
-----------------------------------------------------END of CR to 38.214--------------------------------------------------------------
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