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Background
Through [90b-NR-20] email discussion, the following agreement was achieved.
	Agreement:
For the higher layer signaling related to DMRS:
         A UE may be configured with a number of additional DMRS  which may be different for slot-based and non-slot-based transmission/scheduling and may be different for DL and UL.
         A UE, in DL or UL, may be configured with the same or different DMRS configuration type for slot-based and non-slot-based transmission/scheduling
o    It will be further discussed in RAN1#91 if and when a UE expects to be configured with the same DMRS configuration type for slot-based  and non-slot-based transmission/scheduling (e.g., scenarios with concurrent slot/non-slot-based). 
o    It will be further discussed in RAN1#91 if configuration type is fixed to be type 2 in case of 2 or 4 symbols non-slot-based transmission/scheduling. 
         A UE may be configured with configuration type which may be different for DL and UL.
         A UE  in DL may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PDSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 
[bookmark: _Hlk497382924]o    It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
         A UE  in UL CP-OFDM may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PUSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 
[bookmark: _Hlk497382936]o    It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
         A UE for the PUSCH’s DMRS for DFT-S-OFDM may be configured with a UE-specific parameter (UL-DMRS-Identity-Transform-precoding) used for sequence initialization which is the same for both slot-based and non-slot-based transmission/scheduling.
         At least for slot-based transmission/scheduling, a UE may be configured with the maximum number of front-load DMRS symbol which may be different for DL and UL. 
o    It will be further discussed in RAN1#91  whether the above applies also for non-slot-based transmission/scheduling. 
· When a UE is configured with a  maximum number of 1 symbol for front-load DMRS (DL-DMRS-max-len=1), the UE may be configured with DL-DMRS-add-pos={0,1,2,3}. When UE is configured with a  maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos. 
· [bookmark: _Hlk497382968]It will be further discussed in RAN1#91 the allowable number of additional DMRS when DL-DMRS-max-len=2 and the UE is dynamically scheduled with 1-symbol for front-load DMRS.
         Keep the “dmrs-group” RRC parameters as placeholder until discussions on how to specify the RRC signaling and configuration of DMRS groups are concluded.
[bookmark: _Hlk497382975]         It will be further discussed in RAN1#91 whether a new RRC parameter is needed to be introduced which enables DMRS port table restriction or subset selection for both DL and UL.
· It will be further discussed in RAN1#91, the relation between PDSCH (or PUSCH) mapping type, associated DMRS parameters, PDSCH (or PUSCH) starting symbol and PDSCH (or PUSCH) duration, any signaling (if needed)  for configuration (if needed) of slot-based and non-slot-based. 


This is to initiate an offline discussion on a few issues on NR DMRS, as suggested by Mr. Chairman. Based on the current progress on the DMRS, this offline discussion focuses on the following three issues:
· Questions/FFS resulted from the 90b-NR-20 email discussion in Section 2.
· DMRS pattern for broadcast/multicast PDSCH and before RRC configuration in Section 3. 
· DMRS locations for PUSCH (with/without hop) in Section 4.
Remaining questions based on 90b-NR-20 email discussion
The following FFS items for MIMO A.I. were added in the agreement in the reflector:
	It will be further discussed in RAN1#91 
· if configuration type is fixed to be type 2 in case of 2 or 4 symbols non-slot-based transmission/scheduling. 
· Whether one or multiple scrambling ID(s) may be configured for DMRS
· the allowable number of additional DMRS when DL-DMRS-max-len=2 and the UE is dynamically scheduled with 1-symbol for front-load DMRS.
· if and when a UE expects to be configured with the same DMRS configuration type for slot-based  and non-slot-based transmission/scheduling (e.g., scenarios with concurrent slot/non-slot-based). 
· whether a new RRC parameter is needed to be introduced which enables DMRS port table restriction or subset selection for both DL and UL.


The following questions are related to the above items. Companies are encouraged to provide their input, to facilitate the discussion in RAN1#91 and the suggestion of proposals. 
Question 1
In the case of 2/4-symbol non-slot-based transmission/scheduling, the DMRS type after RRC configuration can only be type 2.
· Alt. 1: Agree
· Alt. 2: Do not agree
	Company
	Views

	Ericsson
	Alt.2 Do not agree

	Intel
	Alt 1: In view of reduced overhead

	Panasonic
	Alt 2: Do not agree, since we think there is no need to restrict the flexibility in terms of configuring any of the two configurations.

	Spreadtrum
	Alt 2: Do not agree. It is not desirable to dynamically switch between configuration type 1 for slot-based transmission/scheduling and configuration type 2 for non-slot-based transmission/scheduling.

	Samsung
	Alt.2 Do not agree

	Nokia
	Alt. 2. 
No meaningful gain from type 2 in terms of SNR required for 7-80% of peak throughput, (ref. R1-1718202). 

	ZTE, Sanechips
	Alt.2, support both type 1 and type 2

	Mtk
	Alt 2, we kind of have some concern on multiplexing between TRS and mini-slot. TRS symbol position is based on TDM with the DMRS for slot based scheduling. 

So far, it doesn't preclude that mini-slot will not happen on the TRS symbol. TRS is comb-4 structure. Then DMRS type 1 which is of comb-2 may have chance to FDM with TRS. But it doesn't work for type 2 which is fd-occ type


	NEC
	Alt2. In addition, we think some restrictions on DMRS configuration, e.g. maximum number of layers and multiplexing with other RS/channel should be considered.

	Qualcomm
	Alt. 2

	DOCOMO
	Alt 2: It is preferable to support both configuration type 1 and configuration type 2. Type 1 is useful in terms of coverage.

	LGE
	Alt. 1: to reduce RS overhead

	Mitsubishi
	Alt. 1

	vivo
	Alt.2: Do not agree. Flexible DMRS configuration type configuration should be supported for different use case.

	OPPO
	Alt.2

	Huawei, HiSilicon
	Alt.1, in the URLLC case, we need consider the overhead and orthogonality between CDMed DMRS ports when larger SCS spacing is used

	CATT
	Alt 2

	ITL
	Alt 1: to reduce overhead



Question 2
Does Rel-15 support configuring semi-statically multiple scrambling IDs for the DMRS of DL or UL? If yes, how many scrambling IDs?
· Alt. 1: No, only one semi-static scrambling ID can be configured
· Alt. 2: Yes, Up to two scrambling IDs can be configured
· Alt. 23: Yes, more than two scrambling IDs can be configured (Please provide how many).
	Company
	Views

	Ericsson
	Alt.3 (each TCI state can be configured with a scrambling ID, i.e. as many ID as there are TCI states is maximally possible)

	Intel
	We are okay to support multiple scrambling IDs but we want to also clarify L1 signaling details in the case multiple scrambling IDs are agreed i.e., how to indicate one of the ID(s) for RS modulation. We also prefer to set default value of scrambling ID in accordance to the physical cell ID and possibly detected SS block index.

	Spreadtrum
	No strong view. Alt.1, only one is sufficient for now. For orthogonal MU-MIMO, UEs can be configured with the same scrambling ID, while for non-orthogonal MU-MIMO, Ues can be configured with different scrambling ID. It depends on gNB’s scheduling decision, and it is semi-statically switched between the two cases.

	Samsung
	Support Alt1. We are not clear on the necessary of semi-statically configured multiple scrambling IDs. On the other hand, dynamically configured multiple scrambling IDs should be introduced in order to support dynamic point selection and quasi-orthogonal MU-MIMO. Our preference is one bit DCI for this.

	Nokia
	Alt. 2 or 3
At least two IDs should be supported for a UE. Reminder on the assumption for the offline agreement on DMRS pattern. We have agreed to preclude TDM option for the DMRS multiplexing based on the assumption to use quasi-orthogonal DMRS for mmWave. In terms of signaling, dynamic change among multiple scrambling sequences may be helpful to increase the scheduling flexibility. 

	ZTE, Sanechips
	Alt.1 or Alt.2

	MTK
	Alt 1, not sure the real benefit of multiple IDs. Also, how to cancel neighbor cell interference effectively if the applied ID is dynamically changed?  

	NEC
	Alt. 2 or 3. Multiple scrambling IDs may be associated with different QCL parameter sets, and dynamically configured multiple scrambling IDs should be supported.

	Qualcomm
	We prefer Alt. 1 with 1-bit DCI (n_SCID) for quasi-orthogonal MU-MIMO/DPS purposes. 

	LGE
	Alt. 3: Similar view with Ericsson.

	Mitsubishi
	Alt. 2 or 3. More than 2 can be supported for scheduling flexibility.

	vivo
	Alt.2 or 3, multiple scrambling IDs are required for MU-MIMO transmission.

	OPPO
	Alt.2. Two IDs can be configured and selected by DCI similar to LTE

	Huawei, HiSilicon
	Alt.2, similar as LTE, 2 scrambling IDs for DMRS. But whether more than 2, there seems no such scenarios till now.

	CATT
	At most alt 2, we don’t see the use case for more than 2 scrambling IDs

	ITL
	Alt.1 or Alt. 2 without DCI indication (just selected by RRC). 



Question 3
For DL and UL slot-based transmission/scheduling, when the maximum number of front-load DMRS is semi-statically configured to be 2 and the UE is dynamically scheduled with 1-symbol front-load DMRS, then 
· Alt. 1: the allowable number of additional DMRS is 1
· Alt. 2: the allowable number of additional DMRS is 3
	Company
	Views

	Ericsson
	 Alt.1	

	Intel
	Alt 1: Based on the email discussion, it would be a corner case that semi-static configuration of 2 symbol DMRS would require 1 symbol dynamic configuration with 3 additional DMRS. Semi-static reconfiguration can be done if such case is required

	Panasonic
	Alt.1  , since the case of 1-symbol front-loaded DMRS and three additional 1-symbol front-loaded DMRS could be served with semi-static configuration of maximum number of front-loaded DMRS set to 1

	Spreadtrum
	Alt. 1

	Samsung
	Alt. 1

	Nokia
	Alt. 2, 
Up to gNB scheduling. In terms of supporting UE speed, 1 additional for single-symbol DMRS is not exactly matched with 1 additional for 2-symbol DMRS. (e.g. 1+1 supports upto 120km/h, while 2+2 can support around 200km/h)
It is not difficult to use 3 A-DMRS for 1-symbol and 1 A-DMRS for 2-symbol. 

	ZTE, Sanechips
	Alt.1

	MTK
	Alt. 1

	NEC
	Alt.1

	Qualcomm
	Alt. 1

	DOCOMO
	Alt. 1 considering limited use cases. 

	LGE
	Alt. 2: We support Nokia’s view. In addition, the MU-MIMO use case can also be considered. Even if 1+1 is enough for a high speed UE1, the UE1 needs to be configured 1+1+1 when co-scheduled Ues are very high speed. This is because we agree that MU-paired Ues should have the same # of DMRS symbol. In the next slot, if co-scheduled Ues are not very high speed, UE1 uses 2+2 with high MU capacity.

	vivo
	Alt.1 is supported to prevent confusion at UE side.

	OPPO
	Alt. 1

	Huawei, HiSilicon
	Alt.1

	CATT
	Alt 2. The reason is since the UEs with different number of additional DMRS configured are not co-scheduled this has some restriction on MU scheduling flexibility when actual scheduled FL DMRS is 1.

	ITL
	Alt. 2: We also support Nokia's view. It depends on gNodeB's scheduling without restrictions.



Question 4
Companies are encouraged to provide scenario(s) to be supported in Rel-15 for which a UE is only expected to be configured with the same DMRS configuration type for slot-based and non-slot-based transmission scheduling.
	Company
	Views

	Ericsson
	When the slot and non-slot use the same traffic type such as in unlicensed operation, non-slot based scheduling is used to grab the channel and it makes little sense to have a different DMRS configuration for slot based and non-slot based as when the channel has been grabbed, the next slot will likely be slot based scheduling so switching DMRS configuration is not motivated. Another case where the same traffic type is used is in DL centric applications where UL use might be limited, often only TCP ACK/NACK (mini-slot). But sometimes regular MBB uplink. In this case a UE might sometimes send mini-slots and sometimes slots, but it is for the same traffic application (TCP ACK/NACK is also somehow MBB).
On the other hand, for mixed eMBB and URLLC type of traffic in licensed bands, where a non-slot may be as short as 2 OFDM symbols, then the preferred DMRS type could be different, e.g. gNB use high order MU-MIMO for eMBB users with type 2 DMRS in the slot based scheduling while at the same time URLLC traffic use the denser type 1 DMRS for non-slot based scheduling for improved channel estimation reliability.  
Hence, we expect that the DMRS config type should be configured independently for slot based and non-slot based scheduling as there are cases where they serve different traffic types. 

	Panasonic
	We agree the scenario described by Ericsson. Unlicensed could be only to use slot scheduling and TCP eMBB use both slot/non-slot scheduling. eMBB and URLLC mixed case could be eMBB uses slot and URLLC uses mini-slot. Therefore, DMRS configuration type should be configured independently.

	Spreadtrum
	The case for which a UE is only expected to be configured with the same DMRS configuration type for slot-based and non-slot-based transmission scheduling is:
· Dynamic switching for a UE between slot-based and non-slot-based transmission within a BWP, where the same DMRS configuration could significantly reduce the UE processing complexity.

	Nokia
	UE/gNB implementation point of view, the change of the DMRS types may impact to their TRX design, and complexity. Different receiver algorithm should be used for slot/non-slot-based case. 
Though we are open to configure them separately, but we prefer to define “default” as the same configuration. 

	MTK
	It should not be a problem for UE implementation to handle two different DMRS types simultaneously. Also even though for same type, the implementation is still different when additional DMRS number is different, or there is no additional DMRS.

	NEC
	Similar view as MTK.

	DOCOMO
	There is use cases to apply different DM-RS types for different kind of traffic, e.g., combination of TCP-ACK and eMBB data; low latency data and eMBB data, etc. 

	vivo
	As the target reception performance and application scenarios for eMBB and URLLC traffic is different, which means different DMRS density is required. Therefore, separate DMRS configuration types for slot based scheduling and non-slot based scheduling are required.

	OPPO
	Different traffic requires independent configuration of DMRS symbol number (density) and additional DMRS. In this case, whether the DMRS configuration type is always the same or not would not significantly impact the UE processing complexity. 

	CATT
	We agree with views from Ericsson, DMRS configuration type should be configured independently.

	ITL
	Similar view as Nokia. DMRS configuration type could be configured independently for slot based and non-slot based scheduling. But “default” configuration could be needed for the same configuration.



Question 5
Do you see the need of introducing a new RRC parameter which enables DMRS port table restriction or subset selection for both DL and UL? If no, why not? If yes, in which scenarios? 
	Company
	Views

	Ericsson
	We think this is useful, but not from the motivation of disabling MU scheduling, but more from the perspective that a less advanced gNB (e.g. micro/pico gNB) may only have 2 baseband ports (max 2 layers) and it is unnecessary to carry the DCI overhead of a big antenna port table that supports 8 or even 12 layer transmission. It would be useful to have a compact antenna port table for such simpler gNBs, e.g. using 2 or 3 bits only in DCI. So yes, we see the need for a new RRC parameter to adjust this. We are open to use separate tables or if RRC selects a pre-defined subset of a single table. We think this should be independent for UL and DL since number of TXU and RXU can be different.  

	Intel
	We support this in order to have more flexible signaling. Since we configure actual number of DMRS symbols dynamically as per agreement, this signaling can reduce overhead in the case we only need a small number of table entries for certain scenarios. For example with 2 symbol type 2 DM-RS, a large number of bits will be required for port indication even in the case of SU-only operation. Subset restriction can reduce DCI overhead in this case. 
In addition, we also support Ericsson’s view above.

	Panasonic
	No, we don’t think there is a need to introduce a new RRC parameter which enables DMRS port table restriction or subset selection for both DL and DL. As we understand, the main motivation of having such signaling is to reduce the DCI bits. However, the RRC parameter that signals the maximum number of front-loaded symbols, already serves that purpose to some extent. When maximum allowed front-loaded DMRS is set to 1, already we can use much smaller table and therefore less number of bits (this also applies to the use case mentioned by Ericsson above). Then for the case when maximum allowed front-loaded DMRS is 2, we think that this is just an over-optimization. Considering the time constraint, the focus should be on how to design the table and contain within the desired bitmap size. We think, it is relevant at this point to agree on some RRC parameter to restrict the table. Because, if we agree to that, then the further discussion will be on what kind of restrictions we can have. 

	Spreadtrum
	No strong view, but the benefit of DCI bits saving from subset restriction depends on how DMRS table looks like.
For the case that Ericsson brought up, we think that this is the case. However, UE specific RRC is less efficient, and since it is the cell level property, it should be included in the system information, i.e., broadcast RRC.

	Samsung
	No. As Spreadtrum commented, the benefit of DCI bits saving from subset restriction will depend on how DMRS table looks like. However, we still do not have clear table design. We can revisit this issue in Rel-16 if the common understanding for necessity of DMRS table restriction is clearly reached.

	Nokia
	Too much variant for DCI parameters are not efficient. But, we are open to Ericsson’s proposal. It is good to see the possible example on such optimization. 

	ZTE, Sanechips
	After finalized DMRS table, we can further discuss this in order to get DCI overhead reduction in some cases. Case A: the maximum number of DMRS ports is limited for some Ues, gNBs; case B: the totally orthogonal DMRS ports are limited for MU; Case C: only one L1 scrambling ID is enough. DL and UL should be separate.

	MTK
	Okay for this

	NEC
	We support the restriction. As the configurable maximum number of MCS/NDI/RV in DCI was agreed, the configuration restriction of DMRS indications should also be considered. For example, at least when the maximum number of FL DMRS symbol is 1, only a subset of DMRS indications are needed. We also support the cases from ZTE.

	Qualcomm
	Yes, especially for the case that 2-symbol front-load is configured. Introducing a new semi-static signaling may decrease the size of the bits used in the DCI. The DMRS port indication table for the 2-symbol front-load is expected to need up to 7 bits, so adding an RRC signaling which selects a subset of the table may be useful for DCI overhead reduction. We also support Ericsson’s argument in favor of introducing this parameter.

	DOCOMO
	This depends on design of DM-RS table (whether to have restriction/subset selection or to prepare multiple DM-RS tables).

	LGE
	A new RRC parameter for DMRS port table restriction or subset selection may not be needed. We already agreed to configure the maximum number of front-load DMRS symbols. So, DCI overhead can be reduced through this signaling when the maximum number of front-load DMRS symbols is configured to 1. 

	Mitsubishi
	Yes, it can be supported for specific operations. We think the content of the smaller tables will depend on the main DCI table from which subsets are created under some principles.

	Vivo
	There is no need to restrict DMRS table, as DMRS table is still in dispute. To reduce DCI overhead, different DMRS tables for different DMRS symbols may be needed.

	OPPO
	We don’t think it is needed to introduce DMRS table restriction. Considering only few DCI sizes would be introduced in NR, it is meaningless to save a small number of bits in DCI. Even if the table is smaller in some configuration, some padding bits would be added to the DCI and the performance is similar. 

	Huawei, HiSilicon
	We prefer to design multiple tables to reduce the DCI overhead, but not with additional RRC bits to subset restriction flexibly. Actually, with additional RRC bits for flexible subset restriction is equivalent to design tremendous DMRS tables, which is not necessary, will increase the gNB’s complexity to configure, and also will introduce additional restrictions on MU pairing while it is based RRC configure.

	CATT
	In our view, new RRC parameter(s) is not needed. RRC configuration of number of FL DMRS already provides some functionality of DCI overhead reduction when FL DMRS is configured to 1.

	ITL
	No. A new RRC parameter may not be needed. Similar view as LGE, DCI overhead could be reduced in some cases with DMRS port table restriction or subset selection, but it is not for cases with maximum number of symbol and ports. Actual DCI overhead for all cases can be reduced only when the maximum number of front-load DMRS symbols is configured to 1 or the maximum number of supported ports is reduced.



Question 8
For URLLC, in some cases (such as 2-symbol or 4-symbols cases), DMRS can be shared for PDCCH and PDSCH:
 Alt.1: Agree
Alt.2: Cannot be shared
	Company
	Views

	Huawei, HiSilicon
	Alt.1

	
	

	
	

	
	



Question 9
For DFT-S-OFDM, reuse the DMRS configuration of NCP for ECP cases:
 Alt.1: Agree
Alt.2: Do not agree (companies encouraged to provide the detailed design)
	Company
	Views

	Huawei, HiSilicon
	Alt.1

	
	

	
	

	
	




DMRS for broadcast/multicast PDSCH and unicast PDSCH before RRC 
In the R1-1718969 “Remaining issues on NR DM-RS”, the following views from companies were captured regarding the DMRS for broadcast/multicast PDSCH and unicast PDSCH before RRC configuration for slot-based transmission/scheduling:
	Confirm working assumption on using configuration type 1 for Broadcast/Multicast PDSCH DMRS
· NTT DOCOMO, Nokia, NSB, Ericsson, Qualcomm, ZTE, Samsung, Panasonic, vivo, LGE
Not confirm the WA, using one whole symbol for DMRS for Broadcast/Multicast PDSCH DMRS
· Huawei, HiSilicon
The WA can be confirmed if using 3 additional DMRS symbols for broadcast/multicast PDSCH. (in this way, it has better structure of self-contained fine tracking when TRS is not supported)
· MTK

	For the DMRS pattern of broadcast/multicast PDSCH support
· Alt. 1: Three additional DMRS symbols
· Nokia, NSB, ETRI, NTT DOCOMO, CATT, LGE, MTK
· Alt. 2: Two additional DMRS symbols
· Ericsson, Qualcomm, Huawei, HiSilicon, ITL
· Alt. 3: One additional DMRS symbol
· Lenovo

	For the DMRS pattern of unicast PDSCH before RRC configuration, e.g. slot based OSI (other system information), support the same configuration type as broadcast/multicast PDSCH and
· Alt. 1: configurable between the agreed 2- and 3-additional DMRS unicast patterns depending on information provided in RMSI 
· Qualcomm
· Alt. 2: A fixed pattern that is the same with the DMRS for broadcast/multicast PDSCH
· NTT DOCOMO, Ericsson, Samsung, LGE, MTK, ITL


Also, note that there was a related question (Question C) in 90b-NR-20 for non-slot-based transmission with the following summary: 
	For 2/4/7-symbol non-slot-based scheduling, the supported configuration types in non-slot-based scheduling DMRS for unicast PDSCH before RRC configuration is(are)
· Alt. 1: Only configuration type 1
· AT&T, CATT, ZTE, Sanechips, Qualcomm,  Spreadtrum, Samsung, Ericsson, Intel, Nokia, NSB, vivo, OPPO, Panasonic, Fujitsu
· Alt. 2: Only configuration type 2
· LGE
· Alt. 3: Both configuration type 1 and type 2
· Alt. 4: full symbol DMRS, (i.e., the whole symbol is for DMRS in a schedule band).
Mediatek, Huawei, HiSilicon propose this to be studied until RAN1#91.


Please find a few follow-up questions below to facilitate the discussion to this topic in next meeting.
Question 6a
Confirm working assumption of using configuration type 1 for slot-based broadcast/multicast PDSCH and extend to slot-based unicast PDSCH before RRC configuration.
· Alt. 1: Agree
· Al.t 2: Do not agree
	Company
	Views

	Ericsson
	Alt.1 Agree

	Intel
	Alt.1 Agree

	Panasonic
	Alt 1: Agree

	Spreadtrum
	Alt.1

	Samsung
	Alt.1

	Nokia
	Alt 1 Agree

	ZTE, Sanechips
	Alt.1 Agree

	MTK
	To move on, take Alt. 1

	NEC
	Alt.1 Agree.

	Qualcomm
	Alt. 1: Agree

	DOCOMO
	Alt. 1

	LGE
	Alt. 1: Agree.

	Vivo
	Alt.1 Agree

	OPPO
	Alt.1

	Huawei, HiSilicon
	Alt.2 Do not agree, we still concern the performance and coverage

	CATT
	Alt. 1

	ITL
	Alt. 1



Question 6b
For slot-based broadcast/multicast PDSCH and unicast PDSCH before RRC configuration, does NR reuses one or more of the DMRS pattern(s) already agreed for unicast PDSCH after RRC configuration?
· Alt. 1: Yes
· Alt. 2: No
	Company
	Views

	Ericsson
	Alt1. Yes

	Intel
	Alt.1 Yes

	Panasonic
	Alt 1: Yes

	Spreadtrum
	Alt.1

	Samsung
	Alt.1

	Nokia
	Alt 1 Yes

	ZTE, Sanechips
	Alt1.  Yes

	MTK
	Alt. 1


	NEC
	Alt.1 Yes.

	Qualcomm
	Alt. 1: Yes

	DOCOMO
	Alt. 1

	LGE
	Alt. 1: Yes.

	Vivo
	Alt1. Yes

	OPPO
	Alt.1

	CATT
	Alt.1

	ITL
	Alt. 1



Question 6c
If the reply to the above question (Question 6b) was 
· Yes, then which DMRS pattern(s) do you propose to be re-used, and for which scenario? (e.g., depending on PDSCH start/end, location of front-load DMRS)?  
· Alt. 1: At least for the scenario of front-load DMRS in the 3rd symbol, use the DMRS pattern with 3 additional DMRS on symbols {2,5,8,11}. 
· Companies supporting this alternative are encouraged to provide an answer to at least the following: What is the DMRS pattern when front-load DMRS is in the 4th symbol? What is the DMRS pattern if/when PDSCH ends earlier than the symbol 11?
· Alt. 2: Use two additional DMRS symbols for both locations of front-load DMRS, with location of additional DMRS indicated
· Alt. 2.1: in PDCCH depending on the indicated start/end PDSCH symbol
· Alt. 2.2: in RMSI
         following the agreed DMRS locations for unicast PDSCH after RRC configuration.
· Alt. 3: Use two and three additional DMRS symbols for front-load DMRS in the 3rd and 4th symbol respectively, with location of the additional DMRS indicated
· Alt. 3.1: in PDCCH depending on the indicated start/end PDSCH symbol
· Alt. 3.2: in RMSI
         following the agreed DMRS locations for unicast PDSCH after RRC configuration.
· Alt. 4: Use the maximum number of additional DMRS that the indicated start/end PDSCH symbol supports for both locations of front-load DMRS.
following the agreed DMRS locations for unicast PDSCH after RRC configuration.
· No, then provide the details of the DMRS pattern(s) (e.g., number of additional DMRS, location, type, etc).
	Company
	Views

	Ericsson
	Alt.2.1 to reduce the scheduling impact on UEs in RRC_CONNECTED state

	Intel
	Alt 3.1

	Panasonic
	Alt 2.1, to not reduce the scheduling flexibility, we think two additional DMRS symbols is good enough solution, with no need for three additional DMRS symbols

	Spreadtrum
	Alt.2.1

	Samsung
	Alt.2.1

	Nokia
	Alt. 1 
To support upto 500km/h with 15kHz SCS, 4 DMRS is necessary. But, fine with Alt 2.1 with larger SCS. Need clarification on the scenario of supporting 500km/h.


	ZTE, Sanechips
	Alt. 2.1 Similar view with Ericsson

	MTK
	Alt. 2.1

	NEC
	Alt. 2.1

	Qualcomm
	Alt. 2.1 with two additional DMRS symbols following the DMRS locations for the indicated start/end PDSCH symbol as agreed for unicast PDSCH.

	DOCOMO
	Alt 1 or 2.1: Broadcast/Multicast PDSCH should be support high Doppler UE. 

	LGE
	We hope to add one more alternative as below.
Alt. 4: Use the maximum number of additional DMRS that the indicated start/end PDSCH symbol supports for both locations of front-load DMRS.
We have the agreed locations of additional DMRS as below (from TS38.211). Position of last PDSCH symbol (PLPS) can be dynamically indicated to an UE. And, the maximum number of and location of additional DMRS can be implicitly configured according to the indicated PLPS. The examples for Alt. 4 are as follows:
PLPS (Position of last PDSCH symbol): 13  DL-DMRS-add-pos=3, Additional DM-RS positions=(5,8,11)
PLPS: 10  DL-DMRS-add-pos=2, Additional DM-RS positions=(6,9)
PLPS:   8  DL-DMRS-add-pos=1, Additional DM-RS positions=(7)
	Position of last PDSCH symbol
	
Additional DM-RS positions 

	
	PDSCH mapping type A

	
	DL-DMRS-add-pos

	
	0
	1
	2
	3

	≤7
	-
	
	
	

	8
	-
	7
	
	

	9
	-
	9
	6, 9
	

	10
	-
	9
	6, 9
	

	11
	-
	9
	6, 9
	5, 8, 11

	12
	-
	11
	7, 11
	5, 8, 11

	13
	-
	11
	7, 11
	5, 8, 11




	vivo
	Alt 2.1, additional DMRS position can be implicitly indicated by PDSCH starting symbol and duration.

	OPPO
	Alt. 2.1

	CATT
	Alt 2.1, in addition in our view the scheduled PDSCH symbols shouldn’t be less than 10th symbol.

	ITL
	Alt. 2.1



Remaining issues on UL DMRS patterns for PUSCH
In RAN#90bis the following agreements was made regarding DMRS locations for PUSCH.
	Agreement:
For the location of the first position of front-load DMRS for PUSCH without frequency hopping, support at least the following:
The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 
Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.
The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS 
At least same location for UL and DL is supported
· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.
Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc.
FFS: Further restrictions (if any) of FDMing DMRS and PUSCH due to UE processing timeline

Agreement:
For the PUSCH without a hop when the first symbol of the front-load DMRS is located in the 3rd or 4th symbol of the slot
· reuse DL DMRS locations for UL DMRS with respect to the additional DMRS symbols and reuse the scenarios they are applied with respect to the last PUSCH symbol.
· Note: This applies to both NCP and ECP whenever applicable. 

Agreement: 
· For DMRS for DFT-s-OFDM PUSCH with a hop, at least one DMRS symbol is included in each hop.
· For DMRS for DFT-s-OFDM PUSCH with a hop, at least support the first DMRS of the 2nd hop to be located on the first symbol of the PUSCH within that hop.
· FFS: another case for the location first DMRS of the 2nd hop in cases of collision with reserved resources on the uplink.
Agreement:
For DMRS for DFT-s-OFDM PUSCH with a hop, support first DMRS of the 1st hop to be located on the
· The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 
· Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.
· FFS: The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS for the 1st hop
· At least same location for UL and DL is supported
· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.
· Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc
· FFS: another case for the location first DMRS of the 1st hop in cases of collision with reserved resources on the uplink.


Due to the limited time in the next meeting, and the number of open issues in this topic, gathering clear and complete proposals before the start of RAN1#91, would be very beneficial. Please find below a set of related questions that need to be answered related to PUSCH’s DMRS locations and signaling (following the FFS items shown above). 
Question 7a
Companies are encouraged to provide the scenario(s) under which the front-load DMRS of PUSCH is located to the first symbol with respect to the scheduled data (and not to the 3rd or 4th symbol with respect to the slot) (E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.)
	Company
	Views

	Ericsson
	For PUSCH starting from the Xth symbol in the slot where X>1

	Intel
	For PUSCH starting from the Xth symbol of the slot with X>1

	Panasonic
	For PUSCH starting from the Xth symbol of the slot with X>1

	Spreadtrum
	For PUSCH starting from the Xth symbol of the slot with X>1

	Samsung
	For PUSCH starting from the Xth symbol of the slot with X>1

	ZTE, Sanechips
	For PUSCH starting from the Xth symbol of the slot with X>1

	NEC
	For PUSCH starting from the Xth symbol of the slot with X>1. In addition, X can be larger than 3 or 4. That is, for the PUSCH starting no later than the DL front-loaded DMRS, support the symmetric structure of DL/UL front-loaded DMRS in 3rd or 4th symbol. Or else, the front-load DMRS of PUSCH is located to the first symbol with respect to the scheduled data.

	Qualcomm
	For slot-based scheduling/transmission, in PUSCH the first symbol with respect to the data is configured for scenarios where the signaled PUSCH starting position is the Xth symbol of the slot with X>1 (Decide in RAN1#91 the value of X). For non-slot-based scheduling/transmission, only the first symbol with respect to the scheduled PUSCH data is allowed. 

	LGE
	For PUSCH starting from the Xth symbol of the slot with X>1

	vivo
	For PUSCH starting from the Xth symbol of the slot with X>1

	OPPO
	For PUSCH starting from the Xth symbol of the slot with X>1

	CATT
	For PUSCH starting from the Xth symbol of the slot with X>1

	ITL
	For PUSCH starting from the Xth symbol of the slot with X>1



Question 7b
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, companies are encouraged to provide the possible locations of the additional DMRS (e.g., for different lengths of PUSCH, number of additional DMRS, etc).
	Company
	Views

	Ericsson
	In case 1+1 is used for PUSCH starting from the Xth symbol in the slot where X>1, then the additional DMRS can be placed in symbols 11,9,7,5 relative to the front loaded DMRS symbol and there is at least one and at most two PUSCH symbols after the additional DMRS except for PUSCH duration of 5 symbols or shorter in which case there is no additional DMRS. See Figure 3 in R1-1718448.
[bookmark: _Toc494356599][bookmark: _Toc494356680][bookmark: _Toc494368406][bookmark: _Toc494370567][bookmark: _Toc494391442][bookmark: _Toc494713965][bookmark: _Toc494737996][bookmark: _Toc494356681][bookmark: _Toc494368407][bookmark: _Toc494370568][bookmark: _Toc494391443][bookmark: _Toc494713966][bookmark: _Toc494737997]In case 1+1+1 is used for PUSCH starting from the Xth symbol in the slot where X>1, then the DMRS is mapped equally spaced in between the 1+1 patterns for 2 symbols. See Figure 4 in R1-1718448.
In case 1+1+1+1 is used for PUSCH starting from the Xth symbol in the slot where X>1, then the DMRS is mapped equally spaced with distance 3 symbols. See Figure 5 in R1-1718448.

	Spreadtrum
	For slot-based scheduling, if MIB configures the 1st DL DMRS symbol on the 3rd symbol of a slot
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


For slot-based scheduling, if MIB configures the 1st DL DMRS symbol on the 4th symbol of a slot
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


We think in designing DMRS pattern for slot-based scheduling, there is no need to explicitly specify the ending symbol of PUSCH, just as for DL there is no need to explicitly specify the starting symbol. CP-OFDM based PUSCH should be RE-level rate-matched around SRS, and DFT-s-OFDM based PUSCH should be symbol-level rate-matched around SRS, which is why we now presume the ending symbol of PUSCH is always the last symbol of a slot, while the actual mapping is subject to SRS configured as rate-matching resources.
In designing DMRS pattern for non-slot-based scheduling, i.e., 2, 4, and 7-symbol mini-slot, just reuse the same pattern as DL.


	ZTE, Sanechips
	When 1+1 is higher layer configured:  if PUSCH symbols are more than 4, 2 PUSCH symbols are left after additional DMRS. Or else, additional DMRS will not be transmitted.
When 1+1 +1 is higher layer configured:  if PUSCH symbols are not less than 7, three DMRS symbols are equally distributed within PUSCH. If PUSCH symbols are less than 7, maximum 1 additional DMRS is transmitted following 1+1 case.
When 1+1 +1 +1 is higher layer configured:  if PUSCH symbols are not less than 10, four DMRS symbols are equally distributed within PUSCH. If PUSCH symbols are less than 10, maximum 2 additional DMRS is transmitted following 1+1 +1case.
Note: PUSCH duration 7, 10 are from DL pattern.

	Qualcomm
	· [image: ]One 1-symbol additional DMRS can be configured on 5th, 7th, 9th, 11th symbol starting counting from the front-load DMRS. The one additional DMRS can be configured in the
· 11th symbol for a PUSCH spanning 12 symbols
· 9th symbol for a PUSCH spanning 10 to 11 symbols
· 7th symbol for a PUSCH spanning 8 to 9 symbols
· 5th symbol for a PUSCH spanning 5 to 7 symbols
[image: ]

· Two 1-symbol additional DMRS can be configured with the midamble symbol on the 4th, 5th, 6th symbol when the last DMRS symbol is configured the 7th, 9th, 11th symbol respectively, starting counting from the front-load DMRS.
[image: ]
· Three 1-symbol additional DMRS can be configured on the 4th, 7th, 10th for a PUSCH spanning 12 symbols, starting counting from the front-load DMRS.

		

	LGE
	[image: ]In case of 1+1, the additional DMRS can be placed in symbols 4, 7, 10 relative to the front-load DMRS symbol and there is at most two PUSCH symbols after the additional DMRS. 

[image: ]In case of 1+1+1, the additional DMRS can be placed in symbols (4,7), (5,9), (6,11) relative to the front-load DMRS symbol and there is at most one PUSCH symbols after the additional DMRS. 

[image: ]In case of 1+1+1+1, the additional DMRS can be placed in symbols (3,6,9), (4,8,11) relative to the front-load DMRS symbol and there is at most one PUSCH symbols after the additional DMRS. 


	Vivo
	For slot based scheduling PUSCH without a hop, when the first symbol of the front-load DMRS is located in the first OFDM symbol, same additional DMRS location as PDSCH is supported. If additional DMRS position is later than the last symbol of scheduling data, additional DMRS will be dropped. If additional DMRS position is ahead of the first symbol of scheduling data, additional DMRS will be dropped, too.

	CATT
	1+1, 1+1+1 and 2+2 patterns can be found in R1-1720186



Question 7c
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, companies are encouraged to propose further restrictions (if any) of FDMing DMRS and PUSCH due to UE processing timeline.
	Company
	Views

	Ericsson
	In case the UL region containing PUSCH is starting from the Xth symbol in the slot where X>1, then there is no FDM of DMRS and PUSCH.   

	Intel
	We support the restriction that for front-load DMRS on the first symbol of PUSCH, there should be no FDMing of DMRS and PUSCH.

	Spreadtrum
	If there is no mapping of PUSCH on first DMRS symbol, there should also be no mapping of PUSCH on the additional DMRS symbol(s), and DMRS EPRE is boosted accordingly.

	ZTE, Sanechips
	In case the UL region containing PUSCH is starting from the Xth symbol in the slot where X>1, if the first PUSCH symbol is at symbol K2, where K2 is defined in section 6.4 of 38.214, no FDM between DMRS and PUSCH in order to get one more symbol processing time. Otherwise, FDM can be supported.

	NEC
	Both FDM and non-FDM should be supported for different scheduling delays.

	Qualcomm
	At least for slot-based scheduling/transmission and at least the UE with time capability 2 (based on section 6.4 “UE PUSCH preparation procedure time” in 38.214), for the PUSCH, when the first symbol of the front-load DMRS is located in the first OFDM symbol with respect to the data, there should be no FDMing of DMRS and PUSCH. 
To Spreadtrum’s comment: We do not see necessary that if DL DMRS is TDMed with data, the additional DMRS must also be TDMed; It can still be that additional DMRS is FDMed with data, under the constraint that the symbol power remains constant by changing the DMRS EPRE/ PDSCH EPRE across the two DMRS symbols. For example, for comb-2 and rank 1 transmission,  DMRS EPRE/ PDSCH EPRE can be 3 dB for FL DMRS (since the other comb does not carry data), but can be 0 dB for additional DMRS (data is transmitted in the other comb).

	LGE
	We think enough UE processing timeline would be provided if PUSCH is transmitted in the different slot as UL grant DCI. And, guard time before front-load DMRS may be enough to provide UE processing timeline even though PUSCH is transmitted in the same slot as UL grant DCI.

	Vivo
	No FDMing between front-loaded DMRS and PUSCH is supported, while FDMing between additional DMRS and PUSCH is supported.

	CATT
	We have following agreements in previous meeting:
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
The question here is only for PUSCH, how about for PDSCH?



Question 7d
For the PUSCH with a hop, when one-symbol front-load DMRS is configured in the first symbol of each hop, companies are encouraged to provide the location that the one one-symbol additional DMRS can be configured in each hop. 
	Company
	Views

	Ericsson
	Both the first and the second hop have DMRS in the first symbol. 

	Spreadtrum
	Last symbol in each hop.

	ZTE, Sanechips
	Exist of additional DMRS depends on the duration of PUSCH in each hop. If PUSCH duration of a hop is larger than 4 symbols, additional DMRS can exist.

	NEC
	Similar view with ZTE.

	Qualcomm
	In each hop, the 5th symbol with respect to the start of the hop. The UE shall assume that if the size of the hop is less than 5 symbols, the additional DMRS is not transmitted.  
[image: ]

	vivo
	7-symbol non-slot based scheduling DMRS can be referred. When the actual PDSCH transmission symbol number is less than 6, no additional DMRS is supported.

	OPPO
	5th symbol if the PUSCH spans 5 or more symbols, otherwise no additional DMRS

	Huawei, HiSilicon
	1st hop: the additional DMRS symbol location is the last symbol;
2nd hop: the additional DMRS location can reuse the additional DMRS symbol location in the cases without hop. 

	CATT
	In our understanding, when there is one additional DMRS in each hop that means there are altogether 4 DMRSs then we propose to use same DMRS locations which has been agreed for without hopping, (as shown below)
[image: ]



Question 7e
For PUSCH with a hop, support also the first DMRS of the 1st hop to be located on 3rd or 4th symbol of the slot.
· Alt. 1: Agree
· Alt. 2: Do not agree
	Company
	Views

	Ericsson
	Alt.1: Agree 

	Intel
	Alt.1: Agree

	Panasonic
	Alt 1: Agree

	Spreadtrum
	No strong view. Alt.1 is agreeable.

	Samsung
	Alt.1: Agree

	Nokia
	Alt. 1: Agree

	ZTE, Sanechips
	Alt.1: only used for no additional DMRS case

	NEC
	Alt.1

	Qualcomm
	Alt. 1 for the same scenarios for which front-load can be on the 3rd of 4th  in PUSCH without a hop. In such cases, the first symbol of front-load DMRS on the 2nd hop is still in the first symbol of the hop.

	vivo
	Alt.1: Agree

	OPPO
	Alt.1

	Huawei, HiSilicon
	Alt.1

	CATT
	Alt 1

	ITL
	Alt. 1



Question 7f
For PUSCH with a hop, does NR support in another location of the first DMRS of the 1st or 2nd hop in cases of collision with reserved resources on the uplink except those already agreed?
· Alt. 1: Yes. Please provide locations/scenarios.
· Alt. 2: No
	Company
	Views

	Ericsson
	Alt.2: No. This is avoided by scheduler or receiver accepts the penalty due to puncturing of DMRS by the reserved resources. 

	Panasonic
	Alt 2

	Spreadtrum
	Alt.2

	Samsung
	Alt.2

	Nokia
	Alt. 2 agree with Ericsson

	ZTE, Sanechips
	Alt.2: Similar view with Ericsson

	NEC
	Alt.2.

	Qualcomm
	Alt. 2

	LGE
	Alt. 2

	vivo
	Alt.2

	OPPO
	Alt.2

	Huawei, HiSilicon
	Alt.1, yes, one solution is to shift to next symbol. If DMRS is punctured, how to demodulation the PUSCH? Also not clear how can scheduling to avoid it, since in the reserved resource no one can transmit.

	CATT
	Alt 2, agree with views from Ericsson

	ITL
	Alt. 2



Question 7g
For PUSCH transmission before RRC configuration, which is the default DMRS configuration?
	Company
	Views

	Ericsson
	DMRS type 1 and single front loaded DMRS symbol. Decide at RAN1#91 on the number of additional DMRS symbols and to handle UL only slot and mixed DL/UL slot scheduling cased.

	Spreadtrum
	DMRS configuration type 1 and 1-symbol front-loaded DMRS. Unified RS mapping for CP-OFDM and DFT-s-OFDM.

	Samsung
	We support Ericsson’s view above.

	Nokia
	We support Ericsson’s view above.

	ZTE, Sanechips
	Same as DL

	NEC
	We support Ericsson’s view above.

	Qualcomm
	DMRS type 1 and single front-load DMRS symbol with either 2 or 3 additional DMRS. Same RS mapping for CP-OFDM and DFT-s-OFDM. Decide in Ran1#91 on the number and the positions, with a preference to try to have similar patterns for DL and UL.

	DOCOMO
	DMRS configuration type 1 with 1-symbol front-loaded DMRS and additional DM-RS.

	LGE
	We support Ericsson’s view above. In addition, as mentioned in Question 6c, the maximum number of additional DMRS can be used, and the maximum number of and location of additional DMRS depend on the indicated PUSCH duration.

	Vivo
	1-symbol DMRS configuration type 1 and 1 DMRS port is supported.

	OPPO
	DMRS configuration type 1 with 1 symbol front-loaded DMRS.

	Huawei, HiSilicon
	Using Type-2 or full-symbol DMRS

	CATT
	Same as DL

	ITL
	Same as DL



Question 7h
As a working assumption for PUSCH, a UE is configured with the number of additional DMRS by UE-specific higher layer signaling
· For PUSCH, companies are encouraged to perform analysis/evaluations taking into account T/F sync impact particularly for front-loaded DM-RS
Can we confirm this working assumption?
	Company
	Views

	Ericsson
	WA is rejected as it leads to negative consequences for PUSCH performance. In case the number of additional symbols is configured to be 0, there are no RS for the gNB to perform frequency offset estimation in the UL. Note that from the TRS discussion, it was observed that a single port RS is needed with 4 or more OFDM symbols spacing in a slot is needed to perform accurate frequency offset estimation.  Using DMRS symbols in adjacent slots gives 14 symbol spacing which is too large. Hence, for the UL, DCI based dynamic switching between 0 and 1 additional DMRS symbols in a slot is needed. 

	Spreadtrum
	No strong view. Inclined to confirm the working assumption. 
To tackle the issue Ericsson raised, gNB can perform coarse frequency tracking via default DMRS configuration with additional DMRS before RRC. After RRC configuration, gNB can use SRS with repetition to assist UL frequency synchronization.

	Samsung
	We support to confirm the working assumption.

	Nokia
	Share the same view with Ericsson

	ZTE, Sanechips
	Slightly prefer to confirm the working assumption since additional DMRS should be configured if T/F error is serious.

	Qualcomm
	We understand the proposal that Ericsson/Nokia support, even though we also had a preference to confirm the working assumption. In Ericsson’s Tdoc in previous meeting there was a proposal to use PTRS in UL for such purposes. If majority companies prefer to confirm the working assumption, what if the concerns of Ericsson/Nokia can be addressed by allowing the PTRS to be configured for all MCS for UL when only front-load DMRS is configured? 

	LGE
	We have similar view with ZTE.

	vivo
	Support confirms the working assumption, the T/F sync impact can be solved by gNB configuration.

	OPPO
	Confirms the working assumption. Dynamic signaling for additional DMRS is not needed and in a scenario requiring T/F sync, RRC configuration is sufficient.

	Huawei, HiSilicon
	Support to conform the working assumption. Similar view with Spreadtrum, the tracking issue can be addressed with SRS. 

	CATT
	Support working assumption

	ITL
	Support working assumption
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