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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN #86 meeting [1], it was agreed to enhance transmissions in HST scenarios as following:
· 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
· 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 this contribution, we discuss the issues for HST scenario and provide potential solutions to enhance the performance.
[bookmark: _GoBack]Issues and potential enhancements
Multi-TRS based SFN transmission
In R16, multi-TRP based single-DCI schemes were introduced, including multi-TRP transmitting on different layers/RBs/slots/symbols. Since signals may experience different channel properties from different TRPs, multi-TCI indication for the UE was specified. It enables the UE to generate different filtering coefficients via different TRS/TCI states, for different DMRS ports, or for same ports on different RBs or time slots. Similarly, the first objective in WID, i.e., to enable multiple-QCL assumptions for the same DMRS ports, would be beneficial for HST scenarios as show in Figure 1.
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Figure 1. SFN scenario with different TCI states.
First of all, to avoid large TRS overhead, and due to limited UE tracking capability, each TRP could transmit its own TRS. Then, at UE side, at least two TRSs will be received. PDSCH/DMRS would be transmitted on the same t/f/spatial resources, a.k.a SFN. 
Since current specification does not support multi-TCI association with the same port on the same time/frequency resources, the UE can only be indicated with single TCI state for demodulation and would only use one TRS for channel filtering. Typical channel estimation algorithm may use channel properties estimated from TRS. For example, the UE may use delay spread to calculate correlation for generating filtering matrix. Note that, channels from two TRPs not only have different delay spread, but also different propagation delay, which give rises to the necessity of combined channel filtering. Hence, with the enhanced TCI association, the UE could use delay spread etc. estimated from two TRSs from two TRPs, and jointly calculate the filtering matrix for better channel estimation. 
In summary, using multi-TRS (i.e., multi-QCL assumption) associated with DMRS for SFN transmission, could be beneficial for DMRS channel estimation by using better channel filtering.
Proposal 1: Support multi-QCL based SFN transmission in HST scenario, where channel estimation will be enhanced with the multi-QCL information from multiple TRSs.
Pre-compensation in SFN manner
In addition to the multi-QCL assumptions to enhance the channel estimation, there is another issue need to be addressed, i.e., the frequency shifting for PDSCH transmission from different TRPs. As shown in Figure 2, we show the impact on the frequency shifting for PDSCH transmission from different TRPs. If the frequency offset between two TRPs is 200 or 400Hz, we can see that the throughput for both SFN and NCJT based transmission decrease rapidly due to the interference on each other from different TRPs. 
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Figure 2. SFN/NCJT with different frequency offset 
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Performance will be impacted by frequency shifting from different TRPs in HST scenario, due to the interference for each other from different TRPs.

To address the issue, one potential solution is to perform Doppler shift estimation and pre-compensation on the frequency offset at the gNB side for downlink transmission, so that the mutual interference due to the frequency shifting will be reduced. 
The procedure for pre-compensation could be that:
a) UE first estimates the downlink frequency based on TRS to obtain. In Figure-3, we assume the frequency at UE side is aligned with the TRS from TRP1, i.e., .
b) UE transmit SRS/PUSCH with the received frequency: . Then, the received frequency at TRP1 is , and at TRP2 is .
c) Then, gNB estimates the uplink frequency offset based on SRS/PUSCH, and pre-compensate the frequency offset for downlink transmission. As shown in Figure 3, the frequency offset is assumed as . For the DL transmission, TRP2 could pre-compensate the offset value , i.e., transmit PDSCH/DMRS at frequency , but there is no any frequency compensation on TRP1. Note that TRS would not be pre-compensated for specific UE.
d) At the UE side, UE will receive PDSCH with no frequency offset. The frequency from TRP1 and TRP2 with pre-compensation is .
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Figure 3. Frequency offset pre-compensation scheme for multi-TRP transmission

With frequency pre-compensation, TRP2 would pre-compensate its frequency offset targeting at TRP1, who is assume as a role of anchor frequency TRP. Note that, for HST, especially when the UE moving on the railway, ideal backhaul is a typical and reasonable assumption where multiple RRH can be connected to the same base band unit. 
With this procedure, the frequency offset between TRPs for PDSCH/DMRS would be eliminated. To support frequency compensation, there are two issues need to be addressed. The first issue is that the center frequency is aligned with TRP1, however, there are two TRSs and two different QCL assumptions for tracking. According to the current spec, the two QCL assumptions are both include Doppler shift information as in type A QCL relationship. Actually, after pre-compensation, the Doppler information is only aligned with TRS1 from TRP1, i.e., TRS2 cannot be the source of QCL assumption for Doppler information to UE, since TRSs have not been compensated for each UE. Therefore the UE may mistakenly use the QCL information. To address the issue, the QCL assumptions should be updated. One example is that a new QCL type is introduced for frequency pre-compensation cases, where the Doppler shift information in the TCI state is not present. 
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Figure 4. Enhanced QCL relationship.
Proposal 2: A new QCL relationship needs to be introduced for frequency pre-compensation in HST since UE only track one TRS for Doppler information.
Another issue is how to indicate the frequency pre-compensation to UE. The UE do not know which TRP/TRS is for pre-compensation, neither which TRP/TRS should be the source for frequency tracking. For example, when gNB indicates the enhanced QCL relationship to UE for frequency pre-compensation on TRP2, the UE accordingly knows that, the receiving frequency should be aligned with TRP1, i.e., , at the same time the UL transmission frequency is also aligned with   (e.g. for TDD). 
Observation 2: The information of which TCI/TRS for frequency tracking should be indicated to UE.
Conclusions
Based on the above discussion, we have the following observations and proposals:

Proposal 1: Support multi-QCL based SFN transmission in HST scenario, where channel estimation will be enhanced with the multi-QCL information from multiple TRSs.
Observation 1: Performance will be impacted by frequency shifting from different TRPs in HST scenario, due to the interference for each other from different TRPs.
Proposal 2: A new QCL relationship needs to be introduced for frequency pre-compensation in HST since UE only track one TRS for Doppler information.
Observation 2: The information of which TCI/TRS for frequency tracking should be indicated to UE.

References
[bookmark: _Ref16635710]R1-193133, New WID: Further enhancements on MIMO for NR, 3GPP RAN #86, Sitges, Spain, 9th – 12th December, 2019.
image3.png
TRP1

UE

UL R$@/fue

TRP2

[«

SRS: frrp1 = fug + far

TRS/PDECH/DMRS@f,

>l
SRS : frrez = fue + faz
|

Afprez = frre1r = frrez = fa1 — faz

TRS@f.

>

TRS1 fe + fa1, TRS2 f, + fa2
PDSCH/DMRS from two TRPsS@f . + fa41
Center frequency @f(f. + fa1, fe + faz)

PDSCHIDMRS@: + 4.,





image4.png
Indicate the UE to mute Doppler
shift in type A of TCl state 2

ﬁ (( \
Tl state2: Type A
TClstatel: Type A





image1.png




image2.png
Normalized Throughput

Frequency offsetOHz
Frequency offset200Hz
Frequency offsetd00Hz
requency offsetOHz
requency offset200Hz
requency offsetd00Hz





