3GPP TSG RAN WG1 Meeting #89						R1-1708459
Hangzhou, P. R. China, 15th - 19th May, 2017

Source:	NTT DOCOMO, INC.
Title:	Views on DM-RS
[bookmark: Source]Agenda Item:	7.1.2.4.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1 #88bis meeting, we have reached the following agreements [1]:
	R1-1706310
· Support at least the following design of DL DM-RS for data channels 
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO 
Agreements:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH
· FFS: Mini-slot case
· Support ZC-sequence for UL DFT-S-OFDM DMRS
Conclusions:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3
Agreements:
· For CP-OFDM, if one additional DMRS exists
· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 
· FFS additional DMRS position for 14-symbol slot
· Consider symbol 12th, 11th, 10th, 9th
· Study the location of additional DMRS for self-contained ACK/NAK slots 
· Evaluations are encouraged for next meeting
Conclusion:
· Consider the issue of collision between DC subcarrier and DMRS. 
· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account
Agreements:
· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation
· Aim to decide in the next meeting whether to support same density only, or lower density only, or both
· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.


In this contribution, we provide our views on open issue for DM-RS. 

2. Views on open issue for DM-RS
2.1. Front-loaded DM-RS pattern in frequency domain
In the previous meeting, the following conclusion was made [1]. 
Conclusion:
· Consider the issue of collision between DC subcarrier and DMRS. 
· Evaluate and analyze whether it can be solved by implementation or if DMRS design needs to take DC subcarrier into account

It was concluded to avoid the collision between DC subcarrier and DM-RS. However, if the collision between DC subcarrier and DM-RS is to be avoided on all DM-RS ports, DM-RS insertion density in frequency domain becomes lower and system performance may be degraded due to the degradation in the channel estimation accuracy. In addition, in UL, there is the following outcome in TR38.802 regarding the collision between DC subcarrier and DMRS. 
· For the uplink, the transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible. 
In order to avoid this degradation, we suggest avoiding the collision between DC subcarrier and DM-RS at least for up to two DM-RS ports to avoid system performance degradation and coverage shrink. 
Proposal 1:
· Avoid collision between DC subcarrier and DM-RS at least for up to two DM-RS ports. 

To avoid a collision with DC subcarrier, we consider that comb-based DM-RS pattern can be used. We compared the candidate front-loaded DM-RS patterns by link-level simulation [2]. Figure 1 shows the candidate front-loaded DM-RS patterns assumed in the evaluation. The candidate patterns are selected based on company’s proposal [3], and all patterns can avoid the collision between DC subcarrier and DM-RS for up to two DM-RS ports. The results show that, when applying pattern (a) (2-comb + CS), more robust performance can be achieved compared with the other patterns irrespective of the number of layers, modulation order, and delay spread. In addition, PAPR and CM aren’t increased in pattern (a). Therefore, we can apply pattern (a) on UL DFT-S-OFDM in addition to DL CP-OFDM and UL CP-OFDM. 
Regarding the number of front-loaded DM-RS symbols, the results show that front-loaded DM-RS pattern for up to four ports, there is no performance gain from two symbol front-loaded DM-RS pattern compared with one symbol front-loaded DM-RS pattern. Thus, from view point of latency reduction, one symbol front-loaded DM-RS pattern is preferred at least for up to four DM-RS ports. 
Based on the discussion and evaluation results, we made the following proposal. 

Proposal 2:
· Support 2-comb with cyclic shift for front-loaded DM-RS. 
· Support common front-loaded DM-RS pattern between DL CP-OFDM, UL CP-OFDM, and UL DFT-S-OFDM. 
· Support one symbol front-loaded DM-RS pattern at least for up to four DM-RS ports. 
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(a) 2-comb + CS                          (b) 3-comb + CS                           (c) 4-comb
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(d) 4FD-OCC                               (e) FDM + 2FD-OCC                    (f) FDM + 2TD-OCC
Fig. 1  Candidate front-loaded DM-RS patterns assumed in the evaluation.

2.2. Port multiplexing scheme in time domain for front-loaded DM-RS
In the previous meeting, the following conclusion was made [1]. 
Conclusions:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3

As for port multiplexing scheme in time domain for front-loaded DM-RS, in order to clarify the performance of candidate multiplexing schemes, we conducted the link-level evaluation as shown in [2]. Figure 2 shows the candidate port multiplexing schemes in time domain assumed in the evaluation. Regarding the number of symbols for front-loaded DM-RS, we assume that two symbol front-loaded DM-RS pattern is applied for higher layer transmission such as more than four or six layers as implied in Proposal 2. However, for simplicity, we evaluate the port multiplexing scheme in time domain assuming two layer transmission. Based on the evaluation results, we observed that the same throughput performance could be achieved. Furthermore, as for alt. 2 (TDM), we represented the issue of TDM scheme in [4]. In case of different transmission power between layers assuming advanced precoding such as SVD, full transmission power utilization can be achieved in TDM, but different DM-RS power boosting ratio (Prs / Pdata) is occurred between layers. This is because the power sharing is limited by the maximum transmission power within OFDM symbol. Thus, when applying TDM, DM-RS power boosting ratio related indication is necessary. As for alt. 3 (frequency domain multiplexing only with the time domain repetition), it is necessary to multiplex up to 12 DM-RS port in one symbol while alt. 1 and alt. 2 assume to multiplex up to 12 DM-RS port in two symbols. Thus, channel estimation accuracy is expected to be degraded in alt. 3 in case of higher channel selective fading. Therefore, we have a slight preference for alt.1 (TD-OCC). 
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(a) TDM                                 (b) TD-OCC                                 (c) Repetition
(Each layer is multiplexed by F-CS)        
Fig. 2  Candidate port multiplexing schemes in time domain assumed in the evaluation.
Proposal 3:
· For higher layer transmissions with more than four or six layers, support TD-OCC for port multiplexing in time domain for front-loaded DM-RS. 

2.3. Additional DM-RS density in frequency domain
In the previous meeting, the following was agreed [1]. 
Agreements:
· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation
· Aim to decide in the next meeting whether to support same density only, or lower density only, or both
· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.

For the additional DM-RS density in frequency domain, the following three alternatives can be considered. 
· Alt. 1: Additional DM-RS density in frequency domain is the same as front-loaded DM-RS, and front-loaded DM-RS density in frequency domain is high (e.g., 12 REs). 
· Alt. 2: Additional DM-RS density in frequency domain is the same as front-loaded DM-RS, and front-loaded DM-RS density in frequency domain is low (e.g., 2 or 4 or 6 REs). 
· Alt. 3: Additional DM-RS is lower density compared with front-loaded DM-RS. 
In [5], the results show that the performance of alt. 2 becomes the best compared with alt. 3. Therefore, we made the following proposal. 
[bookmark: _GoBack]Proposal 4:
· Support the same density in frequency domain between front-loaded DM-RS and additional DM-RS. 
· At least for CP-OFDM, support lower front-loaded DM-RS density in frequency domain when additional DM-RS is configured. 

3. Summary
In this contribution, we have presented our views on DM-RS, and then made the following proposals. 
Proposal 1:
· Avoid collision between DC subcarrier and DM-RS at least for up to two DM-RS ports. 
Proposal 2:
· Support 2-comb with cyclic shift for front-loaded DM-RS. 
· Support common front-loaded DM-RS pattern between DL CP-OFDM, UL CP-OFDM, and UL DFT-S-OFDM. 
· Support one symbol front-loaded DM-RS pattern at least for up to four DM-RS ports. 
Proposal 3:
For higher layer transmissions with more than four or six layers, support TD-OCC for port multiplexing in time domain for front-loaded DM-RS.
Proposal 4:
· Support the same density in frequency domain between front-loaded DM-RS and additional DM-RS. 
· At least for CP-OFDM, support lower front-loaded DM-RS density in frequency domain when additional DM-RS is configured. 
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