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Introduction
In the RAN4 #93 meeting WF on UE demodulation for NR HST was agreed[1]. In order to improve demodulation performance and support high Doppler frequency in HST-SFN deployment RAN4 was discussing different Tx schemes besides conventional joint transmission (JT). The following agreements for further analysis of feasibility and necessity of requirements for different Tx schemes were made:
	· DPS transmission scheme 1a is feasible in HST scenario for both UE and BS.  Whether to define new requirements and tests for DPS transmission scheme 1a are FFS.
·  DPS transmission scheme 1b is feasible in HST scenario for both UE and BS.  Whether to define new requirements and tests for DPS transmission scheme 1b are FFS.
·  Further study feasibility and performance benefits of transmission scheme 2 when its details are finalized by RAN1
·  Transmission scheme 3
· Further check whether Rel-16 eMIMO WI can support transmission scheme 3
· If it is supported in Rel-16 eMIMO WI, further study feasibility and performance benefits of transmission scheme 3 in Rel-16 HST WI when its details are finalized by RAN1
· If it is not supported in Rel-16, no requirements are defined in Rel-16 HST WI. Companies can bring analysis on the performance benefits and feasibility



In this contribution we provide our view on requirement definition for different Tx schemes.
Discussion
One of the main problems in HST deployments is frequent HO between the cells and, therefore, increased probability of RLFs. In order to avoid these negative situations and provide seamless service for high speed UEs, SFN network with multiple RRHs connected to one BBU was considered. For LTE technology RAN4 made detailed investigations of the UE performance for the HST-SFN deployments. The initial studies were conducted in the scope of Rel-13 LTE HST SI and summarized in the TR 36.878. During the work it was identified that DL demodulation performance considerably degrades under assumption of using conventional RX processing and therefore multiple enhancements were considered to improve DL operation. Corresponding demodulation requirements for HST-SFN channel conditions under assumption of using advanced UE receive processing were defined in Rel-14 LTE for 350 km/h train speed which corresponds to 875 Hz max Doppler frequency. In Rel-16 LTE requirements were extended to 500 km/h speed which cover up to 972 Hz Doppler frequency. Same time, due to such extreme channel conditions and corresponding performance loss, requirements for 500 km/h were defined for 16QAM modulation and 64QAM was considered for 350 km/h train speed.
It can be expected that NR HST networks shall be also rely on deployment configurations with multiple RRHs connected to one BBU. In such deployments same cell ID SFN transmission from multiple RRHs can be used to avoid possible HO and RLF issues. In this case RAN4 decided to also introduce demodulation requirements for HST-SFN channel conditions at the first stage. Meantime, obviously due to less suitable RS design for HST-SFN channel conditions max supported Doppler frequency for same SCS will be reduced comparing to LTE and now RAN4 is discussing several options for 500 km/h: 712 Hz, 851 and 875 Hz.  
Same time, in NR the DL signals are not required to be transmitted in only SFN manner since different RRHs can be assigned to represent different beams and a regular NR beam management approach can be adopted to handle switching from one RRH to another. In this case the data signals can be transmitted in non-SFN manner using RRH corresponding to the best DL beam and no performance degradation due to HST-SFN channel conditions will be observed. In this context 2 DPS transmission schemes were discussed and RAN4 made a conclusion that DPS is feasible in HST scenario for both UE and BS. 
Also, besides DPS in NR we can consider several new approaches for transmit operation which can potentially improve demodulation performance in HST conditions. In total RAN4 agreed to analyse the following schemes on necessity of requirement definition for them:
· # 1: DPS 
· With 1 active TCI state (DPS 1a)
· With more than 1 active TCI states (DPS 1b)
· # 2: NC-JT
· # 3: JT with distributed RS transmission
In the below paragraphs we present our views on requirement definition for these schemes.
DPS transmission schemes
In general, from UE point of view the channel condition in DPS Tx scheme is a single tap channel model with Doppler frequency variation. In this case conventional frequency offset tracking might be used and better demodulation performance is observed comparing to JT scenarios, since ICI impact can be fully avoided[2]. Also, this Tx scheme does not require using advanced UE receive processing which is needed in JT scenario and leads to increased UE complexity.
Observation #1: DPS schemes is less challenging in terms of UE demodulation performance/complexity comparing to JT. Better demodulation performance can be achieved for DPS scheme. 
Test procedure
From demodulation requirements point of view HST-SFN test with DPS Tx does not need to include beam measurements and L1-RSRP (CSI) reporting, since they are verified in a separate test cases and main motivation of HST-SFN DPS is to guarantee reliable demodulation performance and proper switching of active TCI states. The TCI state switching procedure can be done in deterministic manner since the channel model is fully symmetric and switching point is a middle point between two RRHs. In this case it is possible to test demodulation performance without CSI reporting.
For Scheme 1a when only one active TCI state is configured TCI state switching is triggered by MAC CE. In this case test procedure may be as follows:
1. UE is configured with two different TCI states associated with two different RRHs
2. PDSCH associated with TCI #0 is transmitted during the slots from 0 to (n-1) + HARQ needed time + 3ms + first TRS + TRS processing time
3. In slot n test equipment start triggering TCI state switching command by MAC CE scheduling
4. PDSCH associated with TCI #1 is transmitted in slots from n + HARQ needed time + 3ms + first TRS + TRS processing time to N. 
From test definition point of view, we need to take into account reliability of MAC CE transmission to guarantee that UE will trigger TCI switching during the test. It may provide some problems since usual approach for requirement definition is choosing SNR point corresponded to 70% @ max achievable throughput. To avoid problems with reliability of MAC CE command PDSCH slots contained MAC CE can be scheduled with more robust MCS value during the test or slots from n to m, where m is a slot in which UE transmit ACK on PDSCH with MAC CE, are skipped from counting statistic.
For channel model we can reuse existing HST-SFN model since it describes each channel tap independently. To emulate two TRPs channel propagation conditions we need to pick only two strongest taps from the model. In this case Doppler frequency profile for each tap will be is as illustrated on the Figure 1. 
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	Figure 1. Doppler frequency profile for each tap


Based on the above example of the possible test procedure we think that test complexity for DPS 1a scheme is low and it is feasible to test this scheme. 
Proposal #1: 	Define demodulation requirements for DPS scheme 1a and discuss details of the test configuration. 
For scheme 1b DCI based TCI state switching is applicable since different TCI states are configured for PDCCH and PDSCH. To support this transmission scheme UE should support more than 1 active TCI states which depends on UE capability. In this case we think that at current stage we should focus on requirements definition for scheme 1a which is supported by all Rel-15 UEs and then discuss requirements definition for scheme 1b.
Proposal #2: 	Consider transmission scheme 1b in a later stage of this WI.
NR Rel-16 NC-JT scheme
Non-coherent joint transmission scheme (NC-JT) is an enhancement of NR MIMO in Rel-16. In this scheme two codewords are scheduled, one from each TRP. Potentially, in HST multi RRH deployments this scheme can improve the system performance because it has the same advantages as DPS Tx scheme in terms of propagation conditions for each PDSCH signal, i.e. single tap channel model with changing Doppler frequency. In this case better demodulation performance can be achieved in comparison to JT scenarios. 
Same time assuming HST-SFN channel model, receive power of each codeword can be considerably different, which in result will lead to large demodulation performance difference between codewords. In the Figure 1 we provide performance evaluation for each codeword in HST-SFN channel model. Results are presented for the first half of railway track assuming that first codeword is associated with the first nearest RRH and second codeword with the second nearest RRH.
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	Figure 1. Demodulation performance of NC-JT with HST-SFN channel model


Observation #2: In HST-SFN scenario with NC-JT large demodulation performance degradation is observed for the codeword transmitted from the second nearest RRH in comparison to first nearest RRH. For all considered MCS values performance gap is not less than 10 dB at 70% @ max throughput.
The big power variety in power profile of each channel tap in HST-SFN channel model imposes some limitations on demodulation performance of NC-JT. Taking into account, that link adaptation will be activated in practical scenarios, we can assume that different MCS for different codewords will be selected for different train positions to guarantee optimal link performance. Therefore, analysis of NC-JT performance using fixed MCS does not allow to make conclusion on benefits of this transmission schemes in application to HST-SFN deployment. We suggest to continue discussion on NC-JT and, first, define proper comparison methodology and simulation assumptions.
Proposal #3:	Further discuss simulation assumption and methodology to analyse performance benefits of NC-JT scheme in application to HST-SFN deployment.
JT with distributed RS transmission
Distributed TRS transmission
For JT scenario with distributed TRS transmission UE should be informed that PDCCH and PDSCH are associated with several TCI states and combined propagation condition of TRSs associated with these TCI states corresponds to PDSCH and PDCCH propagation conditions. This scheme is not supported in current NR design but will be discussed in Rel-17 MIMO WI since it can potentially improve demodulation performance in HST conditions.
Performance benefits
As we discussed in our companion paper, two frequency tracking strategies can be applied in HST-SFN scenario: follow strongest channel tap and follow “zero”[2]. The second one allows to support much higher Doppler frequency since it avoids double frequency jump which limits UE demodulation performance with follow strongest strategy. In order to support follow “zero” tracking transmission scheme with distributed TRS transmission is required. 
Moreover, using follow “zero” frequency tracking strategy allows to avoid double Doppler frequency in UL direction which is the main limitation factor on max UE Doppler frequency in HST-SFN and HST Single tap scenarios from whole communication system perspective. With conventional tracking procedure UE cannot distinguish between Doppler frequency and frequency offset and adjust its LO to Doppler frequency. In results Rx signal on BS has frequency shift equal to double Doppler frequency. Same time since in distributed TRS transmission scheme different TRS are corresponded to different RRHs, hence the Doppler frequency on them will have the opposite signs with almost same absolute frequency values. In this case UE can distinguish between Doppler frequency and LO frequency mismatch and correspondingly adjust LO Tx frequency to avoid double Doppler in BS RX signal. In total it will allow to support much higher Doppler frequency in whole system.
Observation #3:  Distributed TRS transmission scheme allow to support enhance frequency tracking strategy in HST scenarios which leads to overall system performance improvement.
Based on the above observations we think that RAN4 should make a conclusion about performance benefits provided by distributed TRS transmission for HST scenarios and ask RAN1 to define this transmission scheme.
Proposal #4:	Conclude that transmission scheme with distributed TRS transmission provides performance benefits for HST scenarios.
0. Distributed DMRS transmission
In scenario with distributed DMRS transmission, different TCI states are assigned for different RRHs and different PDSCH DMRS antenna ports are transmitted from different RRHs. PDSCH and PDCCH are transmitted using joint Tx scheme. In this case UE may accurately estimate the propagation channel and channel characteristics for each RRH separately, since different PDSCH DMRS AP with corresponding different TRS recourses are assigned for different RRHs. Then UE can properly reconstruct SFN channel conditions by combining of channel estimates from each RRH and demodulate data signals. Maximum supported Doppler frequency for this scheme is expected to be higher in comparison to all others schemes since from channel estimation perspective per each DMRS port the max supported Doppler frequency is not limited by DMRS capability on channel interpolation assuming propagation conditions for each port is just single tap.
This scheme is not supported by current NR design, but necessity of its introduction will be discussed in Rel-17 MIMO WI. 


Performance benefits
In the Figure 2 we provide demodulation performance comparison of JT and JT with distributed DMRS for different max Doppler frequencies. For UE we assume independent channel estimation per each antenna port and proper further combining for channel estimation on data resource elements, which is transmitted in SFN manner. 
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	Figure 2. Demodulation performance comparison of HST-SFN JT and JT with distributed DMRS Tx


Observation #4: Joint transmission with distributed DMRS Tx provides better performance than JT and allow to support much higher Doppler frequency
Rel-16 eMIMO transmission schemes with distributed DMRS Transmission
Some similar concept of multi-TRP operation with distributed DMRS transmission was discussed in Rel-16 eMIMO in order to improve reliability transmission for URLLC use cases. As a result, 4 new transmission schemes were introduced for single DCI based multi-TRP operation: 2a, 2b, 3 and 4.
These new transmission schemes with improved reliability allows to achieve higher diversity order utilizing repetition procedure when time frequency resources are equally divided between TRPs. However, these transmission schemes are not applicable for eMBB use cases. Taking into account path loss or some blockages in propagation conditions one of the Tx occasion may become non decodable which in result leads to non-self-decodable situation for the whole transmission.
In the Figure 3 we present demodulation performance comparison of 2a and 2b schemes with data repetition and distributed DMRS transmission vs SFN data transmission with distributed DMRS transmission. The difference between scheme 2a and 2b is in using same or different RV in different Tx occasions. Evaluation was done assuming HST-SFN channel model with practical channel estimation. 
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	Figure 3. Demodulation performance comparison of eMIMO 2a/2b and JT with distributed DMRS Tx


Observation #5: Rel-16 multi-TPR transmission schemes with data repetition and distributed DMRS transmission in HST-SFN scenario:
1. Scheme 2a: cannot work for high MCS values due to non-self-decodable transmission since robust transmission of Tx occasions from far TRP cannot be guaranteed.
2. Scheme 2b: provides large performance degradation for high MCS values since robust transmission of Tx occasions from far TRP cannot be guaranteed.
Without loss of generality the same observation as for scheme 2b can be applicable for scheme 3 and 4 since the main difference in comparison to 2a and 2b is resource allocation procedure between TRPs. Therefore, we can make a conclusion that defined Rel-16 multi-TRP operation schemes with distributed DMRS transmission are not applicable for HST scenarios.
Observation #6: Rel-16 multi-TPR transmission schemes with distributed DMRS transmission (2a,2b,3 and 4) are not applicable to HST scenarios.
Proposal #5:	Conclude that transmission scheme with joint data and distributed DMRS transmissions provides performance benefits for HST scenarios.
Conclusion
In this contribution we provide our view on demodulation requirements for NR HST multi RRH scenarios. In summary, we make the following proposals:
Proposal #1: 	Define demodulation requirements for DPS scheme 1a and discuss details of the test configuration. 
Proposal #2: 	Consider transmission scheme 1b in a later stage of this WI.
Proposal #3:	Further discuss simulation assumption and methodology to analyse performance benefits of NC-JT scheme in application to HST-SFN deployment.
Proposal #4:	Conclude that transmission scheme with distributed TRS transmission provides performance benefits for HST scenarios.
[bookmark: _GoBack]Proposal #5:	Conclude that transmission scheme with joint data and distributed DMRS transmissions provides performance benefits for HST scenarios.
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