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1. Introduction
In RAN#86 meeting, the WI of further enhancements on MIMO for NR was approved and the following objectives were agreed [1].

2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
d. Enhancement to support HST-SFN deployment scenario:

i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission

ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

In RAN1#102 e-meeting, the evaluation assumptions were discussed and agreed, and the following agreements were achieved regarding the possible enhancements for HST-SFN deployment.

Agreement
For the discussion purpose consider the following categorization of the enhanced DL transmission schemes

· Scheme 1: 

· TRS is transmitted in TRP-specific / non-SFN manner

· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner

· Scheme 2: 

· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner

· PDSCH from TRPs is transmitted in SFN manner

Agreement
Study the following aspects of the enhanced transmission schemes:

· For scheme 1: 

· Target DL physical channels, i.e., PDSCH only or PDSCH + PDCCH

· Whether more than 2 QCL/TCI states are required and corresponding signaling details 
· Whether and how to indicate scheme 1 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states

· QCL relationship between TRS and DMRS ports
· Note: Other schemes/aspects are not precluded

· For scheme 2:

· Association of each MIMO layer of PDSCH to DM-RS antenna ports

· Whether more than 2 QCL/TCI states are required and corresponding signaling details
· Whether and how to indicate scheme 2 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states

· Note: Other schemes/aspects are not precluded

Agreement
For discussion purpose consider the following three steps for TRP-based frequency offset pre-compensation scheme:

· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation

· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step

· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step

· Note: A second set of TRS resource(s) may be transmitted at 3rd step. 

Agreement
Study TRP-based frequency offset pre-compensation including the following aspects:

· Aspects related to indication of the carrier frequency determined based on the received TRS resource(s) in the 1st step

· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step

· Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step

· Type of the uplink reference signals / physical channel used in the 2nd step, necessity of new configuration and corresponding signaling details

· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework

· FFS: Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step

· CSI reporting aspects, configuration, quantization, signalling details, etc.

· New QCL types/assumption for TRS with other RS (e.g., SS/PBCH), when TRS resource(s) is used as target RS in TCI state 

· New QCL types/assumptions for TRS with other RS (e.g., DM-RS), when TRS resource(s) is used as source RS in the TCI state 

· Target physical channels (e.g., PDSCH only or PDSCH/PDCCH) and reference signals that should be supported for pre-compensation

· Signaling/procedural details on whether/how the pre-compensation is applied to target channels

· Whether multiple sets of TRS and pre-compensation on TRS is needed in 3rd step.
· Note: Other aspects/schemes are not precluded

In this contribution, the possible enhancements for HST-SFN deployment are further discussed and some evaluation results are provided.
2. Discussion on UE based solutions for HST-SFN deployment

Two schemes were identified in last RAN1 meeting as in the above agreements. In scheme 1, TRS is transmitted in TRP-specific / non-SFN manner, while DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner. Compared to traditional SFN based scheme in which TRS, DMRS, and PDCCH/PDSCH are all transmitted in SFN manner, scheme 1 can provide more than one TCI states for the SFN-based PDCCH/PDSCH transmission to improve the channel estimation performance, since UE can estimate the different large scale profiles of different paths, e.g., the different Doppler shifts of TRPs, more accurately for DMRS channel estimation.
We provide some LLS evaluation results for the PDSCH performance comparison between the baseline scheme (i.e., traditional SFN based scheme) and scheme 1. In the evaluation, we select 21 equally spaced UE locations between two TRPs as illustrated in figure 1 and separate simulations are performed for each point. For each point, three MCS values, i.e., MCS 4/MCS 13/MCS 17, are used in the evaluation and different SNR values are used for each MCS, i.e., SNR=-4.5dB is used for MCS 4, SNR =4.5dB is used for MCS 13 and SNR =10.5dB is used for MCS 17. In the evaluation, no retransmission is used and the normalized throughput is calculated based the BLER of the first transmission of each packet. The other evaluation assumptions can be found in Annex 1.
The evaluation results are illustrated in figure 2a~2c. For the case with SNR=-4.5dB and MCS 4, UE based scheme 1 can provide about 126% performance gain over the baseline SFN scheme. For the case with SNR=4.5dB and MCS 13, the performance gain is about 15%. For the case with SNR=10.5dB and MCS 17, the performance gain is about 35%.  It can be seen that UE based scheme 1 can provide substantial gain compared with the traditional SFN based scheme for HST-SFN deployment.
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Figure 1. Illustration of UE locations used in the LLS evaluation
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Figure 2a. Evaluation results for UE based scheme 1 (MCS 4)
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Figure 2b. Evaluation results for UE based scheme 1 (MCS 13)
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Figure 2c. Evaluation results for UE based scheme 1 (MCS 17)
Additionally, the specification impact of UE based scheme 1 is relatively small especially for PDSCH. Since it was already supported in multi-TRP transmission in Rel-16 that two TCI states can be indicated in a single DCI, the only difference here is that for each DMRS port all of the TCI states indicated in the DCI should be used for channel estimation. 
Proposal 1: At least support UE based scheme 1 for PDSCH for HST-SFN deployment.

Regarding the target DL physical channels, i.e., PDSCH only or PDSCH + PDCCH, we are supportive that UE based scheme 1 can also be applied for PDCCH. 
Proposal 2: Also support UE based scheme 1 for PDCCH for HST-SFN deployment.

Regarding whether more than 2 QCL/TCI states are required and corresponding signaling details, we think the at least 2 QCL/TCI states can be supported and the signaling for R16 single DCI based multi-TRP transmission can be reused, the differentiation between scheme 1 and R16 non-SFNed transmission schemes with multiple QCL/TCI states can be based on RRC indication. Regarding the QCL relationship between TRS and DMRS, we think at least QCL Type A should be supported.
Proposal 3: At least Support 2 QCL/TCI states for UE based scheme 1, and at least QCL Type A between TRS and DMRS should be supported
For UE based scheme 2, TRS and DM-RS are transmitted in TRP-specific / non-SFN manner, while PDSCH from TRPs is transmitted in SFN manner. Compared with scheme 1, the DMRS overhead of scheme 2 will be higher than scheme 1, but it is expected that it will provide more accurate channel estimation than scheme 1. Additionally, the specification impact of scheme 2 will be much larger than scheme 1. In our opinion, we can deprioritize scheme 2 unless scheme 2 can provide substantial performance gain over scheme 1 based on simulation results. Currently, we are still working on performance evaluation for scheme 2.
3. Discussion on NW based solutions for HST-SFN deployment

Regarding network based solution for HST-SFN deployment, TRP-based frequency offset pre-compensation scheme was discussed with the following three high-level steps agreed in last RAN1 e-meeting:

· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation

· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step

· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step

· Note: A second set of TRS resource(s) may be transmitted at 3rd step. 

Based on the above three high-level steps, we first provide an implementation based Doppler shift pre-compensation scheme, then we will analyse the drawbacks of the implementation based scheme and provide an enhanced scheme to overcome the drawbacks.
3.1. Implementation based Doppler shift pre-compensation
Let’s consider the simplified HST-SFN scenario illustrated in figure 3, in order to perform gNB side Doppler shift pre-compensation, gNB needs to estimate the Doppler shifts for different TRPs, i.e., TRP1 and TRP2 if we only consider the two paths with largest received power for simplicity. In figure 3, DMRS and PDSCH are transmitted in SFN manner, while TRS is only transmitted from TRP1. The three high-level steps for the implementation based Doppler shift pre-compensation at gNB side could be further explained in the following steps:
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Figure 3. Implementation based Doppler shift pre-compensation

In this scheme, network pre-compensates the Doppler shift for DMRS/PDSCH but not for TRS, and UE specific Doppler shift pre-compensation could be achieved. However, since only TRS0 is configured in the cell, it means only TRS0 can be indicated in the TCI state by DCI, and the delay experienced by TRS0 (i.e., a single path) may be different from the delay experienced by DMRS/PDSCH (i.e., two paths), which will degrade the channel estimation performance.
3.2. Enhancement for Doppler shift pre-compensation
In order to overcome the drawbacks of the above implementation based scheme, we provide some enhancements as illustrated in figure 4. Different from figure 3, TRP2 could also transmit another TRS1 in figure 4 and the whole procedure is explained as follows. 
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Figure 4. Enhancement for Doppler shift pre-compensation
Based on this enhancement, compared with the above implementation based Doppler shift pre-compensation, channel estimation performance of the enhanced scheme could be improved since both TRS0 and TRS1 could be indicated in the TCI state by DCI, but it is assumed that TRS0 is used as QCL-TypeA and TRS1 is used as newly defined QCL-Type (e.g., QCL-TypeE:{ average delay, delay spread}), which means that TRS1 is only used for delay related profile estimation. 

Proposal 4: In NW based solution for HST-SFN deployment, support to transmit TRS in TRP-specific / non-SFN manner, and two TRSs can be indicated in the TCI state by DCI with the assumption that the first TRS is used as QCL-TypeA for DMRS and the second TRS is used as newly defined QCL-Type for DMRS (e.g., QCL-TypeE:{ average delay, delay spread}), which means the second TRS is only used for delay related profile estimation for DMRS.
In last RAN1 e-meeting, the following two options were identified for the indication to network of the carrier frequency determined by UE based on the received TRS resource(s) in the 1st step.
· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework

We prefer option 1 since the spec impact of option 1 will be much smaller than option 2 and option 2 will cause significant UL feedback overhead. Based on the proposed enhanced network based Doppler frequency shift pre-compensation scheme in figure 4, since there are two TRSs are configured and transmitted for each UE, network can pre-configure or semi-statically indicate UE to determine the modulated UL carrier frequency of uplink reference signals / physical channel in 2nd step based on which TRS in the 1st step, otherwise UE may experience a large frequency shift on PDSCH/DMRS, e.g., if UE is located in the middle of the two TRPs, and UE determines its modulated carrier frequency based on TRS1 (i.e., carrier frequency = fc+1.6kHz) but not based on TRS0, then UE will experience 3.2kHz frequency shift on PDSCH/DMRS/TRS0 (i.e., fc-1.6kHz) which will degrade the system performance if the frequency shift is not estimated and compensated properly at UE side. 
In order to indicate UE which TRS should be used to determine the modulated UL carrier frequency, different options can be considered. One option is network explicitly indicates UE the QCL-like association of the TRS received in the 1st step with UL signal transmitted in the 2nd step. Another option is that, if two QCL-Types (i.e., QCL-TypeA and QCL-TypeE) are indicated to the UE, UE will automatically use the TRS corresponding to QCL-TypeA to determine the modulated UL carrier frequency. 
Proposal 5: In NW based solution for HST-SFN deployment, at least to support option 1 for the indication of the carrier frequency determined based on the received TRS resource(s) in the 1st step, i.e., implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step. The following two detailed signalling alternatives can be considered.

· Alt 1: Network explicitly indicates UE the QCL-like association of the TRS received in the 1st step with UL signal transmitted in the 2nd step.
· Alt 2: If two TRSs and corresponding QCL-Types (i.e., QCL-TypeA and QCL-TypeE) for DMRS are indicated to the UE, UE will automatically use the TRS corresponding to QCL-TypeA to determine the modulated UL carrier frequency.
3.3. Evaluation for Doppler shift pre-compensation at network side
We provide some LLS evaluation results of the PDSCH performance comparison between the baseline scheme (i.e., traditional SFN based transmission) and the network based solutions for HST-SFN deployment in figure 5, including implementation based NW side Doppler shift pre-compensation and enhanced NW side Doppler shift pre-compensation. In the evaluation, we also select 21 equally spaced UE locations between two TRPs, the simulation assumptions are the same as for the evaluation of UE based solutions and can be found in Annex 1.

The evaluation results are illustrated in figure 5a~5c. Compared with the baseline scheme, the implementation based NW side Doppler shift pre-compensation can provide performance gain for the case with SNR=-4.5dB and MCS 4, but will cause significant performance loss for the case with SNR=4.5dB and MCS 13 and the case with SNR=10.5dB and MCS 17, since in this scheme the TRS indicated by the TCI state for DMRS can only provide the information of large scale channel profile for partial paths which is significantly different from the channel experienced by the DMRS/PDSCH. 

Compared with the baseline scheme, the enhanced NW side Doppler shift pre-compensation can provide about 336% performance gain for the case with SNR=-4.5dB and MCS 4, about 66% performance gain for the case with SNR=4.5dB and MCS 13 and about 52% performance gain for the case with SNR=10.5dB and MCS 17.
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Figure 5a. Evaluation results for NW based Doppler shift pre-compensation (MCS 4)
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Figure 5b. Evaluation results for NW based Doppler shift pre-compensation (MCS 13)
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Figure 5c. Evaluation results for NW based Doppler shift pre-compensation (MCS 17)
Proposal 6: Support network based Doppler shift pre-compensation for PDSCH for HST-SFN deployment.
5. Conclusion

In this contribution, the enhancements to support HST-SFN deployment scenario are discussed and the following are proposed.
Proposal 1: At least support UE based scheme 1 for PDSCH for HST-SFN deployment.

Proposal 2: Also support UE based scheme 1 for PDCCH for HST-SFN deployment.

Proposal 3: At least Support 2 QCL/TCI states for UE based scheme 1, and at least QCL Type A between TRS and DMRS should be supported
Proposal 4: In NW based solution for HST-SFN deployment, support to transmit TRS in TRP-specific / non-SFN manner, and two TRSs can be indicated in the TCI state by DCI with the assumption that the first TRS is used as QCL-TypeA for DMRS and the second TRS is used as newly defined QCL-Type for DMRS (e.g., QCL-TypeE:{ average delay, delay spread}), which means the second TRS is only used for delay related profile estimation for DMRS.
Proposal 5: In NW based solution for HST-SFN deployment, at least to support option 1 for the indication of the carrier frequency determined based on the received TRS resource(s) in the 1st step, i.e., implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step. The following two detailed signalling alternatives can be considered.

· Alt 1: Network explicitly indicates UE the QCL-like association of the TRS received in the 1st step with UL signal transmitted in the 2nd step.
· Alt 2: If two TRSs and corresponding QCL-Types (i.e., QCL-TypeA and QCL-TypeE) for DMRS are indicated to the UE, UE will automatically use the TRS corresponding to QCL-TypeA to determine the modulated UL carrier frequency.
Proposal 6: Support network based Doppler shift pre-compensation for PDSCH for HST-SFN deployment.
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Table 1 LLS simulation assumption for HST-SFN deployment

	Parameter
	FR1

	Duplexing 
	TDD

	TRP layout 

(Ds, Dmin, etc)
	Ds=700m, Dmin=150m

	TRP antenna configuration including number of antennas, pattern, ports, orientation, etc
	4-tap channel model: 

2 ports: omni-directional, MIMO matrix according to TS 38.101-4 (Annex B.1)

	UE antenna configuration including number of antennas, pattern, ports, orientation, etc
	4 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 2, 2], 

one-to-one mapping between antenna elements and TXRUs

omni-directional antenna

	DMRS type
	Mandatory: DM-RS type 1

	Number of DMRS symb.
	1+1+1

	TDD pattern
	DDDDDDDSUU,

S: 6D 4G 4U

	MCS
	MCS 4/MCS 13/MCS 17 based on 64QAM table

	Number of scheduled RBs
	20

	Propagation condition
	4-tap channel model 

(TS 36.101 (Annex B.3A) / TR 36.878)

	TRS configuration, TRS periodicity
	10ms, 2-slot pattern

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank 1

	BW
	20 MHz

	Carrier frequency or maximum Doppler shift
	3.5GHz, 500kmph

	Performance metric
	Throughput; BLER

	Other assumptions or simulation parameters, e.g., correlation
	SCS: 30kHz
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[image: image13.png]Step 1: TRP1 transmits TRSO at carrier frequency f . TRP2 transmits TRS1 at carrier frequency f- . Network configures
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i Step 2:

(2-1): UE determines the modulated UL carrier frequency fyz=fc +Af; based on the carrier frequency of TRSO
received from gNB.

(2-2): UE transmits UL RS, e.g., SRS, at carrier frequency fy .
Step 3:

(3-1): Based on UL RS, TRP1 estimates that the frequency shift is 2Af; and TRP2 estimates that the frequency
shiftisAf; +Af, .

(3-2): gNB calculates the Doppler shift pre-compensation value for TRP2, i.e., Afy,,2=Af; -Af; .

(3-3): TRP1and TRP2 transmit DMRS/PDSCH at carrier frequency f and f¢ +Af,e0= fc +Af; -Af,
respectively.

Step 1: TRP1 and TRP2 transmit TRSO and TRS1 at carrier frequency f; , respectively.

Step 2:
(2-1): UE receives TRSO/DMRS/PDSCH at carrier frequency fyg=fc +Af; , UE determinesthe modulated UL
carrier frequency f;; based on the carrier frequency of TRSO received from gNB.
(2-2): UE transmits UL RS, e.g., SRS, at carrier frequency fi;
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[image: image15.png]Step 1: TRP1 transmits TRSO at carrier frequency f. .
Step 2:

(2-1): UE determines the modulated UL carrier frequency fyz=fc +Af; based on the carrier frequency of TRSO
received from gNB.

(2-2): UE transmits UL RS, e.g., SRS, at carrier frequency fy .
Step 3:

(3-1): Based on UL RS, TRP1 estimates that the frequency shift is 2Af; and TRP2 estimates that the frequency
shiftisAf; +Af, .

(3-2): gNB calculates the Doppler shift pre-compensation value for TRP2, i.e., Afy,,2=Af; -Af; .

(3-3): TRP1and TRP2 transmit DMRS/PDSCH at carrier frequency f and f¢ +Af,e0= fc +Af; -Af,
respectively.

Step 1: TRP1 transmits TRSO at carrier frequency f. .

Step 2:
(2-1): UE receives TRSO/DMRS/PDSCH at carrier frequency fyg=fc +Af; , UE determinesthe modulated UL
carrier frequency f;; based on the carrier frequency of TRSO received from gNB.
(2-2): UE transmits UL RS, e.g., SRS, at carrier frequency fy .
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