Page 1
3GPP TSG RAN WG1 Meeting #102-e																R1-2005862
e-Meeting, August 17th – 28th, 2020

Source:	Intel Corporation
Title:	On HST SFN enhancements
Agenda item:	8.1.2.4
Document for:	Discussion and Decision
1. Introduction
In RAN#86 meeting the work item on enhanced MIMO support was agreed for Rel-17 [1]. The objectives of WID include enhancements to multi-TRP transmission scheme in HST-SFN scenario. 
	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 this contribution, we provide our views on the corresponding enhancements for Rel-17.
2. Discussion on DL transmission 
2.1. Scenario description
In RAN#85 meeting the RAN4 work item on enhanced demodulation requirements for NR in high-speed train scenario was approved [2]. The considered high speed train scenario in RAN4 includes transmission from multiple remote radio heads (RRHs) to the UE located in fast moving train (see Figure 1). Those RRHs are connected to the central processing unit (CPU) using close-to-ideal backhaul link and the deployment as such corresponds to multi-TRP scenario. 


[bookmark: _Ref30505114]Figure 1 Illustration of HST deployment scenario
2.2. Frequency tracking in SFN scenario
It should be noted that support of SFN transmission introduces some practical challenges for the frequency offset tracking required in such type of the deployment scenario due to large Doppler shifts. More specifically, based on RAN4 study, SFN combining of TRS transmission from RRHs makes reliable estimation of the frequency offset difficult for the conventional receiver. In particular, Figure 2 shows the frequency domain tracking based on TRS transmitted in SFN manner for different train positions. For UE positions close to RRHs (e.g., 800m or 1300m), the estimated frequency offset is primarily determined by a single RRH with dominant power and relatively consistent over the time. However, once UE approaches to the middle region between RRHs (e.g., 1050m) frequency tracking performance becomes non-stable and may provide large variations in the estimated values.  
[image: ]
[bookmark: _Ref46946034]Figure 2 Illustration of FO tracking for HST-SFN 
As shown in Figure 3 such frequency offset tracking in the channel with 1300 Hz Doppler shifts for SFN-combined TRS provides poor performance for middle position of the train relative to RRHs (i.e., 1100m). However, the performance becomes close to optimal when train approaches the RRH (i.e., 700m).
[image: ] [image: ]
[bookmark: _Ref20912286]Figure 3. Performance of conventional FO tracking for SFN transmission of TRS
Observation 1: 
· PDSCH performance of the SFN transmission scheme in HST-SFN scenario has noticeable performance degradation for train in the middle positions between RRHs

2.3.	Enhancements to SFN schemes in HST scenario
In order to address the performance issues RAN4 has identified several enhancements to reference signals transmission. More specifically, the following candidate transmission schemes based on distributed reference signal schemes were proposed (details can be found in [3])
· SFN + Distributed TRS
· SFN + Distributed TRS and DMRS
The corresponding transmission schemes are illustrated in Figure 4 in more details, where arrows with the same colour represents transmissions of the same signal (i.e., SFN transmission). For distributed TRS, it is assumed that each RRH transmits its own TRS, while distributed TRS/DMRS orthogonal DM-RS antenna ports. 

 
(a) HST-SFN scenario


(b) HST-SFN scenario with distributed TRS


(c) HST-SFN scenario with distributed TRS and DM-RS
Figure 4 Illustration of SFN schemes based on the distributed reference signals
2.4.	Performance of distributed TRS in HST scenario
The main difference between conventional SFN transmission scheme and SFN transmission with distributed TRS is a more accurate frequency and time offset estimations per each RRH especially in case of some drift of local oscillator frequency. More specifically, the  Figure 5 shows a comparison results with the baseline scheme based on SFN-ed transmission of TRS. In evaluation, frequency offset of compensation was selected as linear combinations of the frequency offsets estimated from each RRH weighted by the corresponding TRS received power. It can be seen from Figure 5 that distributed TRS transmission provides noticeable performance improvement, especially for MCS with higher order modulation such as 64QAM. 
[image: ]
[bookmark: _Ref30506332]Figure 5 Performance of SFN transmission with distributed TRS
Observation 2: 
· SFN scheme with distributed TRS transmission provides better performance than conventional SFN transmission scheme.
2.5.	Performance of distributed TRS/DMRS in HST scenario
Figure 6 shows performance comparison of SFN and SFN with distributed TRS/DMRS. Four orthogonal DMRS antenna ports each transmitted from RRHs were assumed. At the UE channel estimation per each RRH was performed followed by combining of the estimated channels for PDSCH demodulation, which was transmitted in SFN manner. It can be seen from Figure 6 that distributed TRS/DM-RS provides performance improvement comparing to the baseline SFN transmission scheme. However, due to increased DM-RS overhead, the maximum throughput that can be achieved by distributed TRS/DMRS scheme is reduced.
[image: ] 
[bookmark: _Ref30506348]Figure 6 Performance of SFN transmission with distributed TRS/DMRS

Observation 3: 
· SFN with distributed TRS/DMRS provides better performance than conventional SFN transmission scheme. However, the DM-RS overhead to support corresponding scheme is increased. 
2.6.	Enhancements for distributed TRS
The following QCL configuration options can be considered to support transmission scheme based distributed TRS:
· Option 1: Signaling of the 1st TRS in qcl-Type1 and 2nd TRS in qcl-Type2 (without TCI state modification)
· Option 2: Signaling of the multiple TCI states for each TCI codepoint
Option 1 can be enabled in Rel-17 by reusing the existing Rel-16 RRC signalling, however, its support for FR2 may be problematic, due to lack of the additional QCL types fields for QCL-Type D indication. Moreover, TCI state configuration would be limited by a maximum of two TRS implying the need of TCI switching within SFN region. On the other hand, Option 2 may support larger number of active TRS configuration, but requires RRC signalling modifications. 
Proposal 1: 
· For distributed TRS, consider the following two options for QCL/TCI enhancements 
· Option 1: Signaling of the 1st TRS in qcl-Type1 and 2nd TRS in qcl-Type2. 
· Option 2: Signaling of the multiple TCI states for each TCI codepoint
2.7.	Enhancements for distributed TRS/DMRS
As mentioned above, for distributed TRS/DM-RS, the channel estimation from each RRH is performed independently followed by subsequent channel combining at the UE for demodulation of PDSCH. In order to support distributed TRS/DM-RS the association of DM-RS antenna ports with PDSCH transmission port is required. More specifically, for i-th resource element the following connection can be established:
,
where  is k-th DM-RS antenna port,  is l-th MIMO layer of PDSCH and  is inter-RRH precoder that includes possible co-phasing diversity across TRPs.  
In the current NR specification, there is one-to-one mapping between PDSCH antenna ports and DM-RS antenna ports, i.e., υ = p and . For distributed DM-RS the number of DM-RS antenna ports is greater than number of MIMO layers, i.e., υ < p, and the inter-RRH precoder  can be pre-determined in the specification. UE based on the channel measurement on received DM-RS antenna ports and the known precoding matrix  can derive the actual channel observed on the PDSCH antenna ports.
Proposal 2: 
· For distributed DMRS, consider specification of the pre-determined precoder  to associate the channel measurements on ‘p’ DM-RS antenna ports and ‘υ’ PSDCH antenna ports (MIMO layers), where υ < p and  is predetermined precoder.
· Study the structure of  
· Study frequency / time granularity of assignment 
3. Discussion on UL transmission
Providing separate TRS configurations may be also beneficial for uplink transmission. More specifically, for the scenario with single TRS, the frequency offset due to Doppler shift is doubled in the received uplink signal. As the result demodulation of the uplink transmission may be more challenging as the effective speed of the train is doubled. 
On the other hand, due to specifics of HST SFN deployment scenario, where the RRHs are located close to the track, i.e., Trackdist << RRHdist, Doppler frequency offset for two neighbouring RRHs has similar Doppler shifts, but opposite sign (see Figure 2). Such property can be used by the UE for independent frequency offset estimation due to Doppler and RF impairment components. In particular, the estimated frequency at the UE on each TRS denoted as  and  can be represented as follows
,
where  is frequency offset due to RF impairment, and  are Doppler shifts from RRH1 and RRH2,  is a carrier frequency. Assuming that the Doppler shifts from two strongest RRHs in HST scenario are similar to each other in absolute value and has opposite signs, i.e., , then the frequency offset due to RF impairment can be derived at the UE as follows
.
The estimated frequency offset due to RF impairment can be used by the UE for the pre-compensation for UL transmission without including Doppler shift component. As the result, doubling of the Doppler shift in UL transmission can be avoided. 
Observation 4: 
· Knowledge of distributed TRS configurations in HST scenario offers relatively accurate estimation of the Doppler and frequency offset due to RF impairment components that is beneficial for the UL transmission 
It should be noted the equation above also allows estimation of the Doppler shifts and   for possible pre-compensation in the UL transmission. It should be further studied whether such UL frequency offset pre-compensation based on Doppler shift is beneficial considering that the UL transmission targets reception on multiple RRHs, requiring different pre-compensations. 
Summarizing discussion above the following proposal can be made. 
Proposal 3: 
· Further study on the configuration of distributed TRS to assist UL transmission in HST-SFN scenario.
4. Remaining discussion on simulation assumptions
There are several remaining details related simulation assumptions of HST-SFN enhancements that were not addressed as part of email discussion before RAN1#102-e. In particular, the details of the HST deployment in FR2 are still missing with the following possible alternatives:
· Alt 2-1: Ds=700m, Dmin=150m
· Alt 2-2: Ds=400-500m, Dmin=20-50m
· Alt 2-3: Ds=200-300m, Dmin=30-50m
· Alt 2-4: Ds=580m, Dmin=5m
It should be noted that FR2 (comparing to FR1), requires much denser deployment of RRHs with smaller inter-RRH distance. We, therefore, have preference to define HST-SFN deployment for FR2 based on Alt 2-4. Similar, smaller RRH height, e.g., in the range of 10-15m, should be also considered. 
Regarding number of scheduled RBs. We don’t see necessity of using large resource allocation sizes for comparison. To reduce simulation time, medium number of scheduled RBs, e.g. 10, should be considered as baseline, while other number of RBs can be considered as optional for evaluations.
Proposal 4: 
· HST-SFN deployment assumptions for FR2
· Alt 2-4: Ds=580m, Dmin=5m
· RRH height: 10m or 15m
· Number of scheduled RBs for HST-SFN evaluations is 10. Other number of RBs are optional.
[bookmark: _GoBack]Regarding PDCCH simulations. We think it is beneficial to study HST-SFN enhancements for PDCCH as well, although, due to QPSK modulation used for PDCCH transmission and dense DM-RS structure, the relative improvement over SFN transmission may not be significant. For simulation assumption, we can consider proposal made in the email discussion before RAN1#102-e meeting as summarized in the proposal below. 
Proposal 5: 
· For PDCCH evaluations in HST-SFN scenario, consider the following assumptions
	Parameters
	Values

	AL
	8

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs.

	DCI payload
	40+24(CRC)=64

	REG bundling size
	6

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle


5. Conclusion
In this contribution, we have provided our views on the enhancement for HST-SFN scenario in Rel‑17. The following observations were made: 
· PDSCH performance of the SFN transmission scheme in HST-SFN scenario has noticeable performance degradation for train in the middle positions between RRHs
· SFN scheme with distributed TRS transmission provides better performance than conventional SFN transmission scheme.
· SFN with distributed TRS/DMRS provides better performance than conventional SFN transmission scheme. However, the DM-RS overhead to support corresponding scheme is increased. 
· Knowledge of distributed TRS configurations in HST scenario offers relatively accurate estimation of the Doppler and frequency offset components that is beneficial for the UL transmission 
Based on the observations the following proposals were made:
· For distributed TRS, consider the following two options for QCL/TCI enhancements 
· Option 1: Signaling of the 1st TRS in qcl-Type1 and 2nd TRS in qcl-Type2. 
· Option 2: Signaling of the multiple TCI states for each TCI codepoint
· For distributed DMRS, consider specification of the pre-determined precoder  to associate the channel measurements on ‘p’ DM-RS antenna ports and ‘υ’ PSDCH antenna ports (MIMO layers), where υ < p and  is predetermined precoder.
· Study the structure of  
· Study frequency / time granularity of assignment 
· Further study on the configuration of distributed TRS to assist UL transmission in HST-SFN scenario
Regarding remaining details of simulation assumptions the following proposals were made:
· HST-SFN deployment assumptions for FR2
· Alt 2-4: Ds=580m, Dmin=5m
· RRH height: 10 or 15m
· Number of scheduled RBs for HST-SFN evaluations is 10. Other number of RBs are optional.
· For PDCCH evaluations in HST-SFN scenario, consider the following assumptions
	Parameters
	Values

	AL
	8

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs.

	DCI payload
	40+24(CRC)=64

	REG bundling size
	6

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle
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Appendix 
TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                        ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                                   bwp-Id                              BWP-Id                                                      
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP
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