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Introduction
In RAN4 #94e-bis meeting WF on UE demodulation for NR HST was agreed[1]. RAN4 was discussing different Tx schemes besides conventional joint transmission (JT) in order to improve demodulation performance and support high Doppler frequency in multi-RRH deployment. The following agreements were made during the meeting:
	1) [bookmark: _Hlk37419100]DPS transmission scheme 1 (including 1a and 1b)
· Further discuss the test case design for DPS transmission scheme 1, and verify whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model Transmission scheme 2
2) Transmission scheme 2 (NC-JT) 
· Discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later after the parameters in eMIMO WI are finalized and HST WI has sufficient TUs for discussion. 
3) Transmission scheme 3
· No more discussion and treatment for transmission scheme 3 in Rel-16 HST WI.
· Regarding benefits observation: “capture in session note for information”: 
· During RAN4 discussion for transmission schemes 3, RAN4 no conclusion for the benefit due to lack of enough input from companies also lack of involvement of RAN1/RAN2; there is one observation from single company Link-level evaluation results show that transmission schemes 3 provide potential performance benefits for HST scenario


In this contribution we present our view on requirements definition for DPS transmission scheme.
Discussion
DPS transmission schemes
Multi-RRH connected to one BBU is a general deployment for scenarios with high speed conditions. Compare to conventional deployment it limits the number of handovers which is essential for high mobility UEs. At least two possible scheduling schemes are supported in NR multi-RRH deployments: SFN and DPS. These schemes can be applied in different cells or can be used within one cell since scheduling is performed per each UE independently.
SFN transmission for the high speed conditions requires advanced receive processing. Corresponding cell-specific network assistance flag can be configured to inform UE about these conditions and, as result, trigger switching of frequency tracking and/or channel estimation algorithms to more appropriate for HST-SFN conditions. Corresponding UE capability was introduced to inform network that UE supports advanced HST-SFN processing and, therefore, can be scheduled in SFN manner.
Another scheduling approach for the high speed conditions with multi-RRH deployment is DPS. Based on NR design DPS transmission can be performed by one or several TCI states. Several active TCI states provide less switching latency between RRHs compare to DPS with one active TCI state. Same time supporting of one active TCI state is a mandatory UE feature and supported from NR Rel-15. However, supporting of several active TCI states is an optional feature.
It is expected that both mentioned transmission schemes will be used in real NR deployments. NR HST-SFN will be some consistency of already deployed LTE HST-SFN. NR DPS will be also used in HST cells since it provides performance benefits compare to SFN: do not require advanced receive processing and can be supported by all NR UEs. 
Observation #1: In NR HST cells both multi-RRH SFN and multi-RRH DPS transmission schemes will be deployed. 
Requirements definition
It was already agreed to define requirements for SFN transmission scheme. For DPS it is still under discussion. The main controversial question is whether HST-SFN and HST-Single tap requirements can cover HST DPS scenario.
From UE demodulation perspective the channel propagation conditions in HST Single tap scenario is different compare to channel model which is considered for DPS scenario (Figure 1). 
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	Figure 1. Doppler level trajectories for HST DPS and HST Single tap


Firstly, the sharp of Doppler level trajectory is different in these scenarios since DPS is considering for open space, when HST Single tap is for tunnel environment. Besides that, the most essential factor which impacts demodulation performance is a high frequency jump which presents only in multi-RRH scenarios. The HST Single tap requirements do not verify proper handling of this frequency jump, hence cannot cover DPS scenario.
HST-SFN test case verifies proper handling of the frequency jump. Same time HST-SFN requirements probably will be an optional feature (i.e. similar to LTE), since it requires supporting of advanced UE behaviour. If UE does not support HST-SFN then it will not be verified in HST multi RRH conditions.
Observation #2: HST multi-RRH conditions is not verified in HST Single tap scenario. HST-SFN is one of appropriate test cases for multi-RRH conditions but probably will be the optional UE feature.
Based on the above observation and considering importance of NR DPS deployment scenario, we think that it is necessary to define corresponding performance requirements. If UE does not support HST-SFN then it anyway will be tested in HST-DPS to guarantee reliable performance in HST multi-RRH deployments. Performance test cases should be defined for both 1a and 1b schemes but for different UE capabilities and with corresponding applicability rule.
Proposal #1: 	Define requirements for both DPS schemes for different UE capabilities with corresponding applicability rule.
One test case to verify operation in HST multi-RRH deployments will be sufficient. In this case RAN4 should define applicability rule between HST-SFN and HST-DPS. Considering that HST-SFN requires advanced receive processing it is reasonable to test only HST-SFN if UE supports both.
Proposal #2: 	Define the following applicability rule: If UE passed HST-SFN requirements it does not need to be tested in HST-DPS.

Test procedure
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 for PDSCH by RRC signaling
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  TE 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. 
where n slots are equivalent to time that needed to pass middle point between two RRHs (350 m), N slots is equivalent to time that needed to pass second RRH (700m)
From test definition point of view, we need to consider 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 which is 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. Another option is to skip slots from n to m, where m is a slot in which UE transmit ACK on PDSCH with MAC CE, from counting statistic.
Observation #3: To avoid problems with reliability of MAC CE command the following options can be considered in DPS 1a test case:
1) PDSCH slots contained MAC CE are scheduled with more robust MCS
2) 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.
[bookmark: _GoBack]Regarding test procedure for scheme 1b the following option was mentioned in the RAN4 #94e meeting[2]:
	Test setup of transmission scheme 1b
1) UE is configured with two different TCI states associated with two different RRHs for PDSCH by RRC signaling
2) TE activates the two TCI states at the same time by one MAC CE “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” command
3) TE transmits PDSCH associated with TCI #0 from TRP#0 and PDSCH associated with TCI #1 from TRP#1 all the time.
4) TE transmits DCI 1_1 with TCI #0 to UE from 0m to 500ms; TE transmits DCI 1_1 with TCI #1 to UE from 500 to 1500m, etc.


The first three steps of the described procedure are fully aligned with design of 1b scheme. Same time switching of TCI states for PDCCH, which is described in the step 4, should not be considered for scheme 1b. TCI state switching for PDCCH can only be triggered by MAC CE or RRC, which bring the same delay drawbacks as in scheme 1a. Therefore, PDCCH transmission should be performed in SFN manner and additional TCI state should be associated with PDCCH. In this case switching of TCI states for PDCCH is not needed and PDSCH TCI state switching can be triggered in DCI based manner. In this case we suggest the following modified test procedure for scheme 1b
1. UE is configured with two different TCI states associated with two different RRHs for PDSCH and third TCI state associated with both RRHs for PDCCH by RRC signaling
2. TE activates three TCI states at the same time by one MAC CE “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” command
3. TE transmit PDCCH associated with TCI#2 from TRP#1 and TRP#2 from slot 0 to N
4. DCI contains pointer to TCI#0 from slot 0 to n-1 and pointer to TCI#1 from slot n to N 
5. TE transmits PDSCH associated with TCI #0 from TRP#0 from slot 0 to n-1
6. TE transmits PDSCH associated with TCI #1 from TRP#1 from slot n to N
where n slots are equivalent to time that needed to pass middle point between two RRHs (350 m), N slots is equivalent to time that needed to pass second RRH (700m)
Conclusion
In this contribution we provide our view on demodulation requirements for NR HST DPS requirements. In summary, we make the following proposals:
Proposal #1: 	Define requirements for both DPS schemes for different UE capabilities with corresponding applicability rule.
Proposal #2: 	Define the following applicability rule: If UE passed HST-SFN requirements it does not need to be tested in HST-DPS.
References
[1] [bookmark: _Ref21009160][bookmark: _Hlk21019686][bookmark: _Ref20910096]R4-2005532 “WF on UE demodulation for NR HST”, CMCC, RAN4 #94e-bis, April 2020
[2] [bookmark: _Ref39758056]R4-2002418 “WF on UE demodulation for NR HST”, CMCC, RAN4 #94e, March 2020


11/11
image1.emf
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Slot Index

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

D

o

p

p

l

e

r

 

f

r

e

q

u

e

n

c

y

,

 

H

z
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