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Introduction
In RAN#86 meeting, Rel-17 FeMIMO WI was approved in RP-193133 [1]. Four main areas haven been identified for the Rel-17 FeMIMO, namely
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2
3. Enhancement on SRS, targeting both FR1 and FR2
4. Enhancement on CSI measurement and reporting

Within the scope of multi-TRP enhancement, one sub-objective is the High-Speed Train (HST) enhancement as highlighted as quoted below from [1]
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
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 the last RAN1 meeting RAN1#104e, the following agreement is reached [2]
	Agreement
Scheme 1 is supported in Rel-17
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· FFS other details
Agreement
For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS

Agreement
Two TCI states are supported for scheme 1 in FR2

Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details

Conclusion
The decision on support of specification based TRP pre-compensation scheme for HST-SFN scenario to be made in RAN1#104-e-bis meeting. To facilitate RAN1 decision, companies are encouraged to provide evaluation results according to the agreed evaluation assumptions. The evaluations not compliant with agreed assumptions will not be considered by RAN1 in the decision process.

Agreement
For HST-SFN scenario:
· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4
· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.



In this contribution, we provide our views on the Rel-17 FeMIMO HST enhancement.
High Doppler shift in HST deployment 
The major difficulty or challenge in HST deployment comes from handling of high Doppler shift due to the combination of high device movement speed and potential deployment at high band. When a UE in the high-speed train travels at very high speed between two TRPs, UE would observe a high positive Doppler shift to one of the TRP, and high negative Doppler shift to the other TRP.
We use an example to demonstrate the issues that we need to solve for HST deployment
· Train Speed: 400km/hr
· Carrier frequency: 5GHz
· Location of the UE: equal distance between two TRP
· 30kHz SCS
Based on the above assumptions, the device will observe around +1850Hz Doppler shift from one TRP and -1850Hz Doppler shift from the other TRP. As results, when two TRPs perform SFN transmission, the composite signal at the UE side will experience 3700Hz sinusoid fading as illustrated in Figure 1.
From Figure 1., it is easy to observe that the channel experiences a very fast fading, i.e., the channel completes a complete sinusoid cycle within about half a slot, i.e., ~ 8 symbols. 
[image: ]
Figure 1 Amplitude of composite SFN channel
However, after further looking at the HST problem, we have the following two observations which lead to two directions for the HST enhancement 
· Even though the composite channel appears to fade very fast, it is primarily due to the high Doppler shift instead of Doppler spread. Therefore, if UE can estimate the Doppler shift, UE can improve its channel estimate by performing parametric enhanced channel estimate
· This leads to the DMRS QCL enchantment 
· Even with perfect channel estimation, the channel capability still suffers due to the channel variation. If gNB can pre-compensate for the Doppler shift and perform the right phase compensation, gNB can ensure the composite channel to always have the strongest amplitude without Doppler shift
· This leads to the gNB doppler pre-compensation enhancement 

We will discussion the two directions at high level in the following two sub-sections
DMRS QCL enhancement 
To assist the UE channel estimation, gNB needs to transmit two TRS, one TRS from each TRP. Then, UE can estimate the individual Doppler shift from each TRP which can be used in the parametric channel estimation to improve the channel estimate quality. The main issue we need to resolve is how to indicate that DMRS is QCL to two TRS. 

In Rel-16, for Single-DCI based Multi-TRP solution, we already introduced TCI codepoint enhancement to allow a single TCI point to contain up to 2 TCI states. Furthermore, TCI codepoint, together with RRC configuration, TDRA field in DCI and antenna ports configuration in DCI, is used to enable 5 different Single-DCI Multi-TRP schemes, including (1) SDM (2) FDMSchemeA (3) FDMSchemeB (4) TDMSchemeA (5) Scheme 4. 

As part of the remaining issue from the last meeting, i.e.,  RAN1#104e, we need to discuss and potentially reach agreement on the following two switching scenarios 
· Switching between HST scheme 1 and Rel-15 DPS (Dynamic Point Selection)
· Switching between HST scheme 1 and Rel-16 Single-DCI Multi-TRP scheme 1a (SDM)

Regarding the switching between HST scheme 1 and Rel-15 DPS, we think we can consider the DCI based dynamic switching based on the TCI field in DCI, i.e., whether it contains one or two TCI states. However, we think this should be a UE optional feature considering the following facts
· For HST, UE needs to monitor two periodic TRS which is configured by RRC anyway. NW can already perform the dynamic toggling by sticking with HST scheme 1 only, while, dynamically deciding whether to transmit from one TRP or two TRPs
· DPS and HST schemes may require different UE channel estimation, demodulation optimization, etc., which is not preferred to be dynamically toggled with DCI
· Even at 350km/hr, there is no need to toggle two different schemes with DCI, i.e., to achieve the latency at ms level. RRC or MAC-CE based switching should be enough to adapt to different mTRP modes as a function of the UE location, etc.  
· There is no clear or finalized CSI feedback design to even allow NW to perform DCI, i.e., allowing NW to decide on HST scheme 1 and Rel-15 DPS differently from slot to slot. 

Regarding the switching between HST scheme 1 and Rel-16 Single-DCI Multi-TRP scheme 1a, we do not see any justification why DCI based switching is needed.
· Rel-16 Single-DCI Multi-TRP scheme 1a is a special NCJT scheme in which two TRP transmit PDSCH utilizing different antenna ports, which will result in Doppler shift in two opposite direction/sign that is contrary to the goal we would like to achieve for HST.

Therefore, we have the following proposals

Proposal 1: Regarding the switching between HST scheme 1 and Rel-15 DPS, DCI based dynamic switching can be considered, i.e., based on whether “Transmission configuration indication” field indicated in the scheduling DCI contains one or two TCI states, under the condition that this is a UE optional feature with capability signalling 

Proposal 2: Regarding the switching between HST scheme 1 and Rel-16 Single-DCI Multi-TRP scheme 1a, only consider the RRC based switching 
gNB Doppler shift pre-compensation
For gNB to perform efficient Doppler shift pre-compensation, gNB needs to know the Doppler shift between the UE and each TRP. To obtain Doppler shift, there are two directions 

· gNB acquires the Doppler shift based on the UE SRS sounding
· gNB acquires the Doppler shift based on the UE measurement reporting 

Pre-compensation can make the QCL type configuration more complicated for TRS. The main reason is that different UE can experience different doppler shift, therefore, require different pre-compensation. In current NR, we only support P-TRS and AP-TRS, furthermore, AP-TRS has to QCL to P-TRS, in other words, there is no standalone TRS. When pre-compensation is adopted in the deployment, NW may need to configure multiple P-TRS, each P-TRS for a UE or a group of UEs that experiences the similar doppler shift. This may dramatically increase the P-TRS overhead in the system. To reduce the overhead of TRS, or reuse the same P-TRS among all the UEs that may experience different doppler shift, one solution is only to compensate doppler shift on one TRP and to make the outcome doppler shift after doppler compensation the same as the other TRP. In this case, only one TRS will share the “doppler shift” property with the DMRS.

Based on the above analysis, we have the following proposal 

Proposal 3: For HST enhancement with gNB Doppler shift pre-compensation, consider the following two possible solutions, if needed  
· Standalone AP-TRS
· One of the TCI state can be associated with {average delay, delay spread, [Doppler spread] } and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
Conclusion
In RAN#86 meeting, Rel-17 FeMIMO WI was approved in RP-193133 [1]. Four main areas haven been identified for the Rel-17 FeMIMO, namely
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2
3. Enhancement on SRS, targeting both FR1 and FR2
4. Enhancement on CSI measurement and reporting

Within the scope of multi-TRP enhancement, one sub-objective is the High-Speed Train (HST) enhancement. In this contribution, we provide our views on the Rel-17 FeMIMO HST enhancement with the following proposals 
Proposal 1: Regarding the switching between HST scheme 1 and Rel-15 DPS, DCI based dynamic switching can be considered, i.e., based on whether “Transmission configuration indication” field indicated in the scheduling DCI contains one or two TCI states, under the condition that this is a UE optional feature with capability signalling 

Proposal 2: Regarding the switching between HST scheme 1 and Rel-16 Single-DCI Multi-TRP scheme 1a, only consider the RRC based switching 

Proposal 3: For HST enhancement with gNB Doppler shift pre-compensation, consider the following two possible solutions, if needed  
· Standalone AP-TRS
· One of the TCI state can be associated with {average delay, delay spread, [Doppler spread] } and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
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