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Introduction
In general, NR HST SFN deployment can support both joint Tx (JT) and DPS schemes. JT is an LTE like operation mode which is quite challenging from UE demodulation perspective. In result performance of this scheme is rather limited. In this order to improve demodulation performance and support higher Doppler frequency RAN4 is discussing others Tx schemes besides JT during Rel-16 NR HST WI. In the previous meeting (RAN4 #92bis) 4 options were captured for the further analysis [1]:
· [bookmark: _Hlk23763256]#1: DPS with 1 TCI state
· #2: DPS with more than 1 TCI state
· #3: JT with distributed RS transmission
· #4: NC-JT in SFN deployment
In this paper we provide our view on different transmission schemes and provide link level simulation analysis of the performance and max supported Doppler frequency.
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 are defined for 16QAM modulation and 64QAM is considered for 350 km/h train speed.
It can be expected that NR HST networks shall be also used in deployment scenarios 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 two options for 500 km/h: 712 Hz 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 for further analysis of feasibility, performance benefits and test complexities. 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:



· [bookmark: _GoBack]# 1: DPS with 1 TCI state
· # 2: DPS with more than 1 TCI state
· # 3: JT with distributed RS transmission
· # 4: NC-JT in SFN deployment
In the below paragraphs we present detailed analysis of these transmission schemes and discuss our view on requirements definition for them.
DPS transmission schemes
In general, from UE point of view the channel condition in DPS Tx scheme is just a single tap channel model with Doppler frequency variation. In this case conventional frequency offset tracking might be used and better demodulation performance is expected comparing to JT scenarios, since ICI impact can be fully avoided. Also, this Tx scheme does not require using advanced UE receive processing which is needed in JT scenarios 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. 
Feasibility
# 1: DPS with 1 active TCI state
In scenario with DPS Tx scheme with 1 active TCI state both PDSCH and PDCCH are transmitted in a DPS manner and different TCI states for tracking procedures are assigned for different RRHs (2 TCI states are configured). Since only 1 TCI state is active at each moment this Tx scheme is applicable for all UEs.
For this scenario, 2 TRSs associated with different RRHs and simultaneous switching of PDCCH and PDSCH transmission is assumed. In this case, we can consider that the flag tci-PresentInDCI is not configured and UE assume that PDSCH has the same TCI state as PDCCH and, as result, only PDCCH TCI state switching is required. MAC-CE based procedure can be considered for fast switching of PDCCH TCI state.
Since number of active TCI states (maxNumberActiveTCI-PerBWP) is equal to one - UE supports single TCI and single TRS processing capability and, once UE receives command to switch TCI, it should spend some time on processing of MAC command (3 ms) and processing of TRS (i.e. estimation of time/frequency offsets and spreads) associated with a new TCI state. Based on the RAN4 RRM requirements on TCI state switching time for MAC CE based switching, UE shall be able to receive PDCCH which corresponds to the new TCI state no later than HARQ needed time (16 ms worst case) + MAC CE processing (3 ms) + SSB related processing which is equal to (2 ms + SSB periodicity in the worst case). In total we have 21 ms + SSB periodicity on TCI state switching time. For 20 ms SSB periodicity it is 41 ms which just a ~ 0.006 %  of the total time from 1 RRH to another for 500 km/h train speed. Moreover, during the TCI state switching UE is able to receive on the old TCI state which mean that there is no any interruptions of data transmission and service is seamless.        
Observation #2: DPS scheme with 1 active TCI state can be supported by all Rel-15 UEs. The TCI state switching time for this scenario is limited by ~21 ms + SSB ms which is rather negligible compare to total time. 

# 2: DPS with more than 1 active TCI states
If PDCCH is transmitted in DPS manner we can again consider that the flag tci-PresentInDCI is not configured and UE assume that PDSCH has the same TCI state as PDCCH and, as result, only PDCCH TCI state switching is required. Meantime since UE supports simultaneous processing of multiple TCIs and TRSs (at least 2 TCI states is in active mode) it has all time/frequency offset estimations and should spend time only on processing of MAC command (3 ms).
If PDCCH is transmitted in JT manner different TCI states for tracking procedures can be assigned for different RRHs (3 TCI states are configured; two for PDSCH, one for PDCCH) and if UE supports simultaneous processing of 3 or higher TCIs and TRSs (at least 3 TCI states is in active mode), switching time can be significantly reduced. In this case there is no need to switch TCI states for PDCCH since it is transmitted in JT manner and TCI state switching time is determined only by DCI based TCI state switching procedure for PDSCH. The switching time for DCI based TCI state change is based on UE capability which define how many OFDM symbols are needed to apply spatial QCL information. Same time this switching delay is applicable only for FR2 since spatial filters (QCL type D) are not applicable for FR1. In this case TCI state switching delay for DPS scheme with JT of PDCCH is equal to zero and no interruptions will be observed during the switching. 
Observations #3: Depending on UE capability on maximum number of TCIs and TRSs for simultaneous processing (2 or higher), TCI state switching for DPS with more than 1 active TCI states may require from 0 to ~3 ms. 
Test complexity
In accordance to the agreed WF in terms of feasibility study of DPS Tx schemes analysis should include the complexity of test equipment implementation. 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 the test motivation is to guarantee reliable demodulation performance and proper switching of active TCI states. From propagation conditions, channel model for NST-SFN with DPS is same as for single tap. Same time in comparison to HST Single tap test, emulation of active RRH (i.e. TCI) switching is required. Therefore, it will be sufficient to run regular HST Single tap test and during test execution provide information to UE to switch TCI (via MAC or DCI) in test points corresponding to middle between two RRHs. Based on observations above, we think that test complexity of the DPS Tx in HST-SFN conditions is rather low and comparable to the normal demodulation tests.
Observation #4: Test complexity of UE demodulation performance with DPS Tx in HST-SFN conditions is rather low and comparable with normal demodulation test cases.
Performance benefits
In Figure 1 we provide comparison of DPS schemes and JT from demodulation performance point of view. Results correspond to both considered DPS Tx schemes since demodulation performance does not depend on the number of active TCI states. Results are presented for 1667 max Doppler frequency.
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	Figure 1. Demodulation performance comparison of DPS Tx and Joint Tx schemes


Observation #5: DPS transmission scheme provides better performance than Joint transmission for both 15 kHz and 30 kHz SCSs scenarios and for all considered MCS values.
Summing it up DPS provides better demodulation performance than JT and allows to support higher Doppler frequency in HST-SFN deployment. This scheme is applicable for Rel-15 NR deployments and operation mode with 1 active TCI state can be supported by all Rel-15 UEs. Same time, channel propagation conditions in scenarios with DPS Tx align with single tap HST. On the other hand, deployment scenario parameters are different. In this case to guarantee reliable demodulation performance in HST-SFN scenario and show that NR provides better performance characteristics than LTE in terms of max supported Doppler frequency, we suggest introduction of demodulation performance test with DPS Tx in HST-SFN scenario. Analysis of feasibility and test complexity also confirm above proposal. 
Proposal #1: 	Confirm benefits and feasibility of DPS Tx scheme for HST-SFN deployment. Define Rel-16 HST demodulation requirements for DPS Tx scheme.
JT with distributed TRS transmission
In this scenario different TCI states for tracking procedures are assigned for different RRHs. Same time PDSCH, PDSCH DMRS and PDCCH are transmitted using JT scheme (Figure 2).
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Figure 2. JT scenario with distributed TRS transmission.


In this case the different TCI states is used to configure different TRSs for each RRH. The PDSCH and PDSCH DMRS are experienced a joint channel conditions and demodulation problems can be also observed as in conventional JT scheme. Configuration of different TRS resources for different RRHs gives UEs more abilities to accurately track time and frequency offsets especially in such typical case when frequency offset drift is present.
Feasibility
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. Such signalling is not supported in Rel-15 and modifications of existing TCI state concept are required to support such scenario. Same time, such modification should not lead to increasing of signalling/design complexity and can be done in Rel-16/17 timeframe.
Performance benefits
The main difference between conventional JT scheme and scenario with distributed TRS Tx is a more accurate frequency and time offset estimations per each RRH especially in case of some drift of local oscillator frequency. In Figure 3 we provide comparison results in case of 0.1 PPM Hz frequency offset. The evaluations were done for 15 and 30 kHz SCS assuming joint transmission with frequency domain frequency tracking. 
	1300 Hz Max Doppler frequency
	1700 Hz Max Doppler frequency
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	Figure 3. Demodulation performance comparison of Joint Tx and Joint Tx with distributed TRS Tx


Observation #6: For JT with 0.1 PPM Hz frequency offset distributed TRS transmission provide better demodulation performance than conventional JT scheme.
JT with distributed DMRS
In this 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 (Figure 4).
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Figure 4. JT scenario with distributed DMRS transmission.


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. Another approach for PDSCH signal demodulation is using MIMO demodulation processing under assumption of multi-layer Rx signal. In this case UE need to be informed to combine the demodulated signals from different MIMO layers.
 Feasibility
From system perspective, 2 or 3 TCI states need to be configured by the network for tracking procedures. Two of them should be associated with different PDSCH DMRS AP and transmitted from opposite RRHs. The third TCI can be configured to track channel characteristics related to SFN PDCCH transmission or UE can be informed that PDCCH are associated with several TCI states and combined propagation condition of TRSs associated with these TCI states corresponds to PDCCH propagation conditions.
Currently, this scenario is not supported by Rel-15 NR specification and the following modifications in existing design are needed:
· TRS association with specific DMRS APs
· Additional network signalling to inform UE that several DMRS APs are associated with one PDSCH and number of APs is not the same as number of MIMO layers.  
 Performance benefits
In the Figure 5 we provide demodulation performance comparison of JT and JT with distributed DMRS. From transmitter point of view for the second case we used 2 DMRS ports, which are distributed between RRHs. 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. For scenario 1 we used enhanced receiver. Comparison were done for 1667 Hz max Doppler frequency for 2 tap channel model.
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	Figure 5. Demodulation performance comparison of Joint Tx and Joint Tx with distributed DMRS Tx


Observation #7: Joint transmission with distributed DMRS Tx
· 15 kHz SCS: provides better performance than JT for all scenarios. Large ICI slightly limits performance in 64QAM.
· 30 kHz SCS: provides better performance than JT for all considered MCSs.
Provided evaluations show that demodulation performance of JT scheme is limited  and other enhance methods should be considered in order to provide reliable demodulation performance for high speed UEs when JT operation is configured. Based on the above analysis JT scenarios with distributed TRS or DMRS transmission can potentially improve demodulation performance and max supported Doppler frequency for these scenarios is higher. Taking into account benefits of distributed TRS and DMRS operations we think that RAN4 should consider to further define corresponding enhancements in R16/R17.
Proposal #2: 	Confirm performance benefits of JT scenarios with distributed TRS and DMRS transmission for HST-SFN deployment and consider such scenarios as the candidate for enhancements in R16/R17
NR Rel-16 eMIMO transmission schemes 
Non-coherent joint transmission scheme is currently discussed in Rel-16 eMIMO WI. Potentially this operation mode 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. 
NC-JT in HST-SFN deployment may potentially improve demodulation performance and should be considered as possible enhance solution. Moreover, besides NC-JT RAN1 are also discussing several new schemes for multi-TRP operations during the Rel-16 eMIMO: scheme 2a, 2b, 3 and 4. For HST-SFN deployment these schemes are also applicable. In multi-TRP operation they provide performance benefits, but feasibility for high speed conditions should be further discussed.  
Proposal #3: 	Further study feasibility and performance benefits of Rel-16 eMIMO transmission schemes (NC-JT, 2a, 2b, 3 and 4) in application to HST-SFN deployment.
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: 	Conclude benefits and feasibility of DPS Tx scheme for HST-SFN deployment and consider DPS Tx scheme for Rel-16 HST demodulation requirements definition.
Proposal #2: 	Conclude performance benefits of JT scenarios with distributed TRS and DMRS transmission for HST-SFN deployment and consider such scenarios as the candidate for enhancements in R16/R17
Proposal #3: 	Further study feasibility and performance benefits of Rel-16 eMIMO transmission schemes (NC-JT, 2a, 2b, 3 and 4) in application to HST-SFN deployment.
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