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Introduction
In Rel-16 NR HST the enhanced RRM and demodulation requirements were specified to guarantee reliable performance for scenarios with up 500km/h UE speed and up to 3.6 GHz carrier frequency. Requirements were defined for different scenarios covering both DL and UL. Same time further enhancements can be made to improve system performance. First of all, only single carrier requirements were defined in Rel-16 and carrier aggregation (CA) can be adopted to increase max achievable throughput. Therefore, corresponding performance requirements should be defined. Besides that, due to lack of time in Rel-16, multi-DCI based multi-TRP Tx scheme was discussed only for low mobility conditions. However, potentially, it can bring benefits also for high mobility conditions in multi-RRH deployment. Therefore, it was agreed to analyse benefits of multi-DCI based multi-TRP Tx scheme for HST scenarios in Rel-17 FR1 enhance HST WI. The following objectives on demodulation performance part are captured in WID[1]:
	· CA scenario
· Specify the UE demodulation requirements for CA scenario with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST for HST-SFN conditions.
· Enhanced transmission schemes for NR HST demodulation
· Study and specify if needed the UE demodulation requirements and for transmission scheme 2 (PDSCHs are transmitted from two or more adjacent TRPs scheduled by multi-DCI)


In this paper we discuss evaluation methodology to analyse applicability of multi-DCI based Tx scheme for multi-RRH high mobility deployment. In our companion paper we provide our view on PDSCH CA requirements introduction for HST scenarios [2].
Discussion
Rel-16 eMIMO multi-DCI based Tx scheme (Tx scheme 2)
In multi-DCI based NC-JT, multiple PDCCHs schedule multiple PDSCHs respectively and each PDSCH is transmitted from a separate TRP (Figure 1). The scheduling and precoding are independent for different TRPs but operation is applied for the same active BWP and SCS. Such feature is beneficial especially when different TRPs are connected by non-ideal backhaul, in which case joint scheduling may not be feasible or extremely limited due to delay of information exchange, e.g. CSI/data/scheduling, among TRPs. 
The following new features were introduced to support such kind of transmission:
· CORESETPoolIndex to differentiate PDCCH for a given TRP
· Out-of-order operation across TRPs
· Joint/Separate HARQ-ACK feedback
· Increased number of CORESETs per BWP/cell
· Fully/partially overlapped PDSCH scheduling across TRPs. 
In Rel-16 eMIMO WI corresponding performance requirements are introduced for low mobility deployments. However, this Tx scheme was also discussed in Rel-16 HST WI as candidate Tx scheme for multi-RRH deployment (Tx scheme 2). Potentially, in high mobility deployments this scheme can improve system performance because it has the similar 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 conventional JT scenarios. 
	[image: ]

	Figure 1. Rel-16 multi-DCI based multi TRP Tx scheme.


Due to lack of time in Rel-16 timeframe this scheme was deprioritize and there were no conclusions regarding its applicability and benefits for high mobility scenarios. 
Proposal #1:	Discuss simulation assumption and methodology to analyse performance benefits of multi-DCI based Tx scheme in application to HST multi-RRH deployment.
Multi-DCI based Tx scheme for high mobility multi-RRH deployment
Comprehensive analysis is required to conclude on Tx scheme 2 applicability and performance benefits for high mobility conditions. Below we present our view on simulation assumptions and evaluation methodology. Also, some preliminary link-level results, which were presented in our paper for RAN#94e meeting[3], are provided. 
Channel model
For NR FR1 HST deployment (Figure 2) HST-SFN channel model is used to emulate Tx signal from several RRHs. This model can be used as basis for multi-DCI based Tx scheme performance evaluations with adapting to explicit modelling of multi RRH Tx. We should reuse Doppler, delay and power profiles from this model but apply them for each RRH independently as a single tap propagation condition for each RRH. 
Proposal #2:	Adopt HST-SFN propagation conditions (Doppler, delay, power profiles) as independent channel models to explicitly model multi-RRH Tx.
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	Figure 2. HST-SFN deployment.


Only one deployment configuration is considered in RAN4 for Rel-16 performance requirements and in RAN1 Rel-17 enhanced MIMO WI: Ds 700m; Dmin 150m.
It is straightforward to use the same deployment configuration for multi-DCI based Tx scheme analysis. As for max Doppler frequency we can consider the same values as in Rel-16 for JT and DPS Tx schemes as starting point. Based on analysis outcome we can further adjust these values if needed.
Proposal #3: 	Use same HST-SFN channel model parameters as used for Rel-16 HST requirements for multi-DCI Tx scheme analysis: Ds = 700m; Dmin=150m; max Doppler frequency 870 Hz and 1667 Hz for 15 kHz and 30 kHz SCS respectively.
Time/frequency errors and assumptions on UE synchronization 
Different UE time/frequency synchronization strategies were discussed in eMIMO Rel-16 WI for multi-TRP Tx scenarios. All of them are based on assumption that UE applies single FFT operation to receive signals from different TRPs. Also, max time difference between signals should not exceed CP length. It is a common assumption for multi-TRP operation in Rel-16.
Proposal #4: 	Single FFT operation should be assumed as baseline UE implementation. 

In Rel-16 eMIMO WI it was agreed to define performance requirements under assumption that SSB is transmitted only from one TRP and UE synchronizes to it during the test. In this case the first TRP is used as a reference to emulate propagation delay difference among TRPs. Ideal time synchronization between transmission points is assumed. 
Observation #1: In Rel-16 multi-TRP performance requirements SSB is transmitted only from one TRP and ideal time synchronization between transmission points is assumed. 
Propagation delay difference is already considered in HST-SFN channel model. However, in real field we can expect certain time offset between TRPs due to non-ideal synchronization. In accordance to TS 38.133, cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3 µs. Also, we can expect frequency misalignment which, in the worst case, can be ±0.1 or ±0.2 PPM depending on BS classes since transmit frequency error for each gNB should not exceed ±0.05 or ±0.1 PPM.
Non-ideal synchronization can limit multi-DCI based Tx scheme application for multi-RRH high mobility deployment. The frequency and time difference between different signals coming from different TRPs are already can be large due to deployment geometry. In this case additional errors might completely change system performance. In this case we suggest considering non-ideal synchronization between RRHs as a baseline assumption for performance evaluations.
Proposal #5: 	Non-ideal synchronization between RRHs should be considered as a baseline assumption.  

Other assumptions
As a reference for performance benefits analysis we suggest considering JT and DPS Tx schemes for which we already have performance requirements. 
Proposal #6: 	Consider JT and DPS Tx schemes as a reference performance for comparison.

According to RAN1 design two PDSCHs can be scheduled in overlapped and non-overlapped time/frequency resources. At this stage we suggest considering both approaches for evaluations.
Proposal #7: 	Consider overlapped and non-overlapped PDSCHs allocations between different RRHs.

As starting point typical MCS values as MCS 4, 13 and 17 can be assumed. 
Proposal #8: 	Consider MCS 4, 13 and 17 as a baseline assumption for further evaluations.

Link adaptation and statistic calculation 
In HST-SFN channel model, receive power of different codewords for multi-DCI based Tx scheme can be considerably different, which in result can lead to large demodulation performance difference between codewords. In Figure 3 we provide initial analysis for configuration with non-overlapped PDSCH allocations. Only two tap channel model is assumed for simplicity. Results are presented for the first half of railway track assuming that the first codeword is associated with the first nearest RRH and second codeword with the second nearest RRH. Performance statistic was averaged on the whole distance from first RRH to the middle point between RRHs.
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	Figure 3. Demodulation performance of multi-DCI based Tx scheme under HST-SFN propagation conditions


Observation #2: In HST-SFN scenario with multi-DCI based Tx scheme large demodulation performance degradation is observed between codewords transmitted from different RRHs. 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. Taking into account, that link adaptation will be activated in practical scenarios, we can assume that different MCSs for different codewords will be selected for different train positions to guarantee optimal link performance. Therefore, performance analysis of multi-DCI based Tx scheme using fixed MCS does not allow to make conclusion on benefits of this transmission schemes in application to HST-SFN deployment. 
[bookmark: _GoBack]Observation #3: Performance analysis of multi-DCI based Tx scheme in HST deployments may not reflect real performance if fixed MCS Tx is assumed.
Besides that, we can expect that this Tx scheme can brings performance benefits only is some regions between RRHs, probably in the middle region. In this case we suggest several options for performance statistic collection: average near the one RRH location, average in the middle region between RRHs, average on the whole track. 
Proposal #9: 	Bring performance results collecting at different train positions:
1. Near the one RRH
2. In the middle region between RRHs
3. On the half of the track
Conclusion
In this contribution we provide our views on performance evaluation methodology for multi-DCI based Tx scheme for multi-RRH high mobility deployment. In summary, we make the following proposals:
Proposal #1:	Discuss simulation assumption and methodology to analyse performance benefits of multi-DCI based Tx scheme in application to HST multi-RRH deployment.
Proposal #2:  Adopt HST-SFN propagation conditions (Doppler, delay, power profiles) as independent channel models to explicitly model multi-RRH Tx.
Proposal #3: 	Use same HST-SFN channel model parameters as used for Rel-16 HST requirements for multi-DCI Tx scheme analysis: Ds = 700m; Dmin=150m; max Doppler frequency 870 Hz and 1667 Hz for 15 kHz and 30 kHz SCS respectively.
Proposal #4: 	Single FFT operation should be assumed as baseline UE implementation. 
Proposal #5: 	Non-ideal synchronization between RRHs should be considered as a baseline assumption.  
Proposal #6: 	Consider JT and DPS Tx schemes as a reference performance for comparison.
Proposal #7: 	Consider overlapped and non-overlapped PDSCHs allocation between different RRHs.
Proposal #8: 	Consider MCS 4, 13 and 17 as a baseline assumption for further evaluations.
Proposal #9: 	Bring performance results collecting at different train positions:
1. Near the one RRH
2. In the middle region between RRHs
3. On the half of the track
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