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Introduction
In RAN4 #94e-bis meeting a WF on PDSCH demodulation requirements and general aspects of NR eMIMO Rel-16 was agreed [1]. In this paper we provide our views on scenarios for requirements definition and address remaining open issues for test setups.
Discussion
Test scenarios/schemes
FR2 multi-TRP/panel operation in Rel-16
The following agreements on the test scope for FR1 and FR2 multi-TRP/panel operation were made [1]:
	· [bookmark: _Hlk40092211]Test scenario 
· FR1:
· Define PDSCH requirement with cover scenarios with simultaneous reception from multi-TRP/Panel for eMBB
· FR2:
· No PDSCH requirements with several independent Rx beams and simultaneous reception from multi-TRP/Panel for eMBB in FR2
· FFS on define PDSCH with covering scenarios with only 1 Rx beam with and simultaneous reception from multi-TRP/Panel for eMBB


Based on the outcome of the previous meeting a number of scenarios were deprioritized from Rel-16 discussion. 
· FR1 scenarios with non-simultaneous reception were removed since DPS Tx scheme is out of scope of eMIMO Rel-16.
· FR2 eMBB scenarios with > 1 independent Rx beams were removed since such scenarios are not yet covered by core RF/RRM requirements.
The scenario with 1RX beam with simultaneous receptions from multiple TRPs is FFS. In our view simultaneous reception using a single RX beam from multiple TRPs is not a practical assumption and shall not be considered. 
Proposal 1:	Do not define FR2 requirements for simultaneous reception from multi-TRP/Panel for eMBB.
Non-simultaneous reception using multiple beams (i.e. 1 beam at a time) is a valid scenarios and can be considered for single DCI based multi-TRP/panel TDM schemes 3 and 4. Utilizing slot based and inter-slot based TDM reception from multi-TRP/panel these schemes allow to efficiently operate with single Rx beam per each Tx occasion. In result only these schemes can be considered for FR2 multi-TRP/panel Tx. 
We also note that FR2 OTA testing of multi-TRP reception may need further discussion. In accordance to the Rel-15 OTA test methodology the UE RX beam is locked during the test. It may impose certain challenges in testing the reception using different RX beams. One of the possible solutions is to assume that both signals are coming from the same direction. In this case we can verify only correct UE baseband receiver processing (e.g. correct T/F tracking). 

Proposal 2:	Study testability for FR2 single-DCI based multi-TRP schemes 3 and 4.
Single DCI based eMBB multi-TRP/panel Tx scheme
The following agreement were made in the previous meeting:
	· FFS to define PDSCH requirement scheduled by single-DCI based multi-TRP/Panel transmission for eMBB


Single DCI based transmission scheme has smaller PDCCH overhead and is more suitable for ideal backhaul. Multiple DCI design can provide more flexibility and is more suitable for non-ideal backhaul, but at the cost of more PDCCH overhead and larger UE complexity.
From UE design perspective there are many feature components were defined to support multi-DCI based operation compare to single-DCI based (Table 1).
Table 1.  Feature components to support multi/single DCI based multi-TRP operation
	Multi-DCI based multi-TRP/panel
	Single-DCI based multi-TRP/panel

	Basic:
1. The maximum number of CORESETs configured per “PDCCH-Config”
2. The maximum number of CORESETs configured per CORESETPoolIndex per “PDCCH-Config”
3. The value of R=[1,2] for BD/CCE 
4. Support of fully/partially time/frequency overlapped PDSCH reception 
Optional:
1. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
2. Support of out-of-order operation for PDSCH to HARQ-ACK 
3. Support of out-of-order operation for PDCCH to PUSCH 
4. Support of separate HARQ-ACK
5. Support of joint HARQ-ACK
6. Support of default QCL assumption per CORESETPoolIndex
7. ….
	Basic
1. Support of DCI indication of 2 TCI states by a codepoint
2. Support of DMRS entry {0, 2, 3}
3. Support of two PTRS ports for FR2




Due to required complexity some UEs may not support multi-DCI based multi-TRP and, in results, support only single-DCI based scheduling in multi-TRP/panel Tx mode. Besides that, Rel-15 single TRP performance requirements do not cover multi-TRP Tx scenario since there is a new QCL mechanism and new DMRS ports indication in Rel-16. Also, TO/FO synchronization errors will be considered between TRPs during the test which requires another UE receive processing compare to Rel-15. In summary, single-DCI based scheme should be considered to guarantee sufficient coverage of performance tests for eMIMO multi-TRP/panel.
Proposal 3:	Define performance requirements for single-DCI based eMBB multi-TRP Tx scheme for FR1.
Single DCI based URLLC multi-TRP/panel Tx schemes
The following agreement were made in the previous meeting:
	· FFS to define PDSCH requirement for single-DCI based URLLC (reliable) multi-TRP/Panel transmission schemes


URLLC transmission schemes are separate features comparing to eMBB schemes based on RAN1 UE feature list. Moreover, URLLC schemes support requires much less complexity comparing to eMBB multi-DCI based scheme. Therefore, some UEs may support only URLLC schemes. It is important that different types of UEs can be tested for multi-TRP operation. 
Another issue was raised during the last meeting is that Rel-16 URLLC single TRP performance requirements can cover some URLLC multi-TRP Tx schemes. Same time, performance tests for multi-TRP/panel will assume time/frequency non-synchronized transmission between TRPs, which will impact overall demodulation performance. Also, multi-TRP Tx assumes enhanced QCL mechanism, which has direct impact on performance and not verified in Rel-16 URLLC single-TRP test cases.
Therefore, we suggest defining requirements for URLLC multi-TRP/panel schemes. Since each scheme is a separate UE feature, requirements should be defined for each scheme. To reduce test scope if UE supports several URLLC Tx schemes corresponding applicability rule can be further discussed.
Proposal 4:	Define performance requirements for single-DCI based URLLC multi-TRP Tx schemes 1a, 2a, 2b for FR1; for schemes 3 and 4 at least for FR1. Further discuss applicability rule between them if UE supports several.
In general, reliability aspects are more important for URLLC operations rather than for eMBB. It will be natural to have different test metrics for eMBB and URLLC performance requirements. In this case, 1% BLER is appropriate option instead of 70% @ max achievable throughput for URLLC transmission schemes. It is not expected that test time will be increased too much comparing to tests with conventional metric and same time 1% BLER test metric will indicate that these transmission schemes are more applicable for URLLC services. 
Proposal 5:	Use 1% BLER as a test metric for single-DCI based URLLC multi-TRP Tx schemes performance requirements.
Test configuration for PDSCH multi-DCI based scheduling
Resource allocation
	· Whether to define PDSCH requirements for other scheduling schemes
· Option 1: at least partial overlapping
· Option 1a: Both partial overlapping and full-overlapping 
· Option 2: only non-overlapping 
· Option 3: Non-overlapping and full-overlapping if no requirements for single-DCI based multi-TRP will be introduced, Otherwise only non-overlapping 
· Option 4: Non-overlapping and partial overlapping if overlapping requirements for single-DCI based on multi-TRP will be introduced, Otherwise, both partial and full-overlapping


In general, there are no fundamental differences between all scheduling procedures in terms of receive processing. As we mentioned above it is important to define requirements for single DCI based scheduling scheme. These requirements can fractionally cover fully-overlapped multi-DCI based multi-TRP/panel scenario. In this case it will be sufficient to have PDSCH scheduled by multi DCI test case with only non-overlapped scheduling. Partially-overlapped scenario can be ignored since it can be seen as a mix of other approaches and performance can be guaranteed by more conventional fully-overlapped and non-overlapped scenarios. 
Proposal 6: 	Define PDSCH performance requirements with multi-DCI scheduling only for non-overlapped resource allocation approach.

Scenario with colliding TRS/CSI-RS
	· FFS on consider the scenario with TRS/CSI-RS collide between TRPs


During the last meetings it was mentioned that typical network schedules colliding TRS/CSI-RS between different TRPs to reduce RS overhead. Test case with corresponding configuration was proposed for definition. 
Obviously, colliding TRS/CSI-RS resources will cause interference to each other that will lead to overall degradation of time/frequency and channel parameters estimation accuracy. In this case preliminary study is needed to analyse the actual performance loss of such configuration. If acceptable degradation will be observed comparing to scenario without colliding TRS/CSI-RS than RAN4 can further discuss such kind of configuration for requirements definition. 
Proposal 7: 	Further study performance degradation for configuration with colliding TRS/CSI-RS in multi-TRP/panel operation compare to non-colliding configuration.
Scenario with UE rate-matching around CRS 
	· FFS on define PDSCH requirement for UE rate-matching around a configured CRS pattern


In general, design of UE rate-matching behavior does not change from Rel-15 in Rel-16 eMIMO. In this case it is sufficient to have Rel-15 requirements to test performance under UE rate-matching. Moreover, according to RAN1 design rate-matching around CRS patterns which are associated with different CORESETPoolIndex is optional UE feature. In this case separate test case should be defined in order to guarantee that UEs which does not support this feature will be verified for multi-TRP/panel operation. Same time as companies mentioned RAN4 do not have enough time for requirements definition and should make some prioritization. In this case we suggest do not define requirements with UE rate-matching behavior. 
Proposal 8:	Do not define performance requirements for multi-DCI based multi-TRP with UE rate-matching around configured CRS pattern.
Time offset
LTE CoMP UE performance requirements were defined using timing offset (TO) in [-0.5, 2] us range. Positive TO corresponds to case A CoMP scenario when two equal-power RRHs are deployed. In this case cell-edge user may be configured in a CoMP mode. The negative TO can arise in heterogeneous deployments where Macro/high + low power RRHs are considered. If UE is closer to low power RRH, a negative time offset will be present. 
	[image: ]
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	Figure 1. LTE CoMP deployments A and B


Obviously, we can assume that NR will reuse LTE deployments and both case A and B can be considered for multi-TRP/panel operation.
In general, different UE time tracking implementations can be considered for multi-TRP/panel scenarios. All of them should use single FFT operation with post FFT TO compensation to not increase UE complexity too much and guarantee reliable demodulation performance.  






Option 1: FFT timing based on TRP with a highest RSRP on sync signals + fixed timing offset
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	Figure 2. Option 1 on UE time tracking in multi-TRP operation.


In this option UE synchronize to TRP with a highest RSRP on sync signals. In general, it will be a macro/high power RRH. In this case negative TO will arise in deployments case B. To reduce performance degradation caused by negative TO, a fixed timing shift with respect to FFT window is applied. In result, post FFT phase correction will reduce degradation impact of both negative and positive TO if fixed timing shift is not less than negative TO. Same time, due to reduced CP length by FFT timing adjustment, the max positive TO will be correspondingly reduced. It also will affect the max handled multi-path propagation delay compare to scenario with single-TRP operation.
This is a most typical UE implementation especially for LTE UEs. 
Option 2: FFT timing based on the nearest TRP
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	Figure 3. Option 2 on UE time tracking in multi-TRP operation.


[bookmark: _GoBack]In this option UE detects first receive path among all configured sync resources when multi-TRP/panel operation is applied. Then corresponding FFT timing is applied without considering receive power from each TRP. This option allows to avoid negative time offset at all. Based on LTE discussion this option is not typical implementation since it is more appropriate to always synchronize to the serving eNB.
Observation #1: Two typical time tracking implementations can be considered in NR multi-TRP operation:
1) Option 1: FFT timing based on TRP with a highest RSRP on sync signals + fixed timing shift.
2) Option 2: FFT timing based on nearest TRP.

If we consider Option 1 as a baseline UE implementation in NR than further performance analysis on max handled positive and negative TO is needed. 
If we consider Option 2 as a baseline UE implementation in NR, we do not need to define requirements with negative TO. Regarding positive TO further study is needed to analyse typical TO range. In LTE positive TO was derived for deployment case A. Same with time tracking option 2, positive TO will be also observed in deployment case B in which distribution of TO is different. Moreover, typical TO can be higher for deployment case B than in case A since higher propagation delay difference can be observed in this deployment. 
In LTE the range [-1, -0.5 , 2, 3] us of TO values used in multi-TRP/cell test cases TM9 and TM10. These values can be used as a starting point for further analysis. 
Proposal 9: 	Further study reference receiver assumptions on multi-TRP time tracking implementation in NR. Appropriate TO value for requirements definition should be derived based on performance analysis and analysis on typical TO distributions.
Frequency offset
Frequency offset (FO) synchronization requirements in LTE CoMP is equal to 200 Hz. Same time we also need to consider 0.1ppm frequency error for each TRP. In the worst case it will result in 0.2ppm total frequency error at the UE side. Also, we note that many NR TDD networks are planned to be deployed in 3-4 GHz spectrum which would result in higher absolute frequency errors. To analyse impact of FO on UE demodulation performance we present link-level analysis for 15 kHz and 30 kHz SCSs and for different FO values. Post FFT FO compensation was assumed for evaluations. Rank 2 and TDL-C300ns channel model was assumed. The summary of performance degradation compare to scenario without frequency offset are presented in Tables 2-3. 
Table 2. Demodulation performance loss for 15 kHz SCS compare to scenario without FO @70 max achievable throughput
	15 kHz SCS

	FO:
	200 Hz
	300 Hz
	400 Hz
	500 Hz
	600 Hz

	MCS 13
	0.1
	0.1
	0.1
	0.2
	0.3

	MCS 17
	0.1
	0.1
	0.3
	0.4
	0.6



Table 3. Demodulation performance loss for 30 kHz SCS compare to scenario without FO @70 max achievable throughput
	30 kHz SCS

	FO:
	400 Hz
	500 Hz
	600 Hz
	700 Hz
	800 Hz
	900 Hz

	MCS 13
	0
	0
	0
	0
	0.1
	0.1

	MCS 17
	0
	0.1
	0.1
	0.1
	0.2
	0.2


Observation #2: For 15 kHz and 30 kHz SCS there was a negligible performance loss when FO is up to 600 and 900 Hz correspondingly.
It should be noted that without post FFT frequency error correction even with 200 Hz and 400 Hz large UE demodulation performance degradation is observed for 15 kHz and 30 kHz SCS respectively (Figure 4). In other words, with wrong FO compensation implementation UE cannot pass the test even with any FO considered above. 


	[image: ]

	Figure 4. Demodulation performance with/without post FFT FO compensation


Also, we need to note that max carrier frequency for existing FDD and TDD NR bands is 2.6 (n7) GHz and 4.5 GHz (n79). Therefore, in the worst case 520 Hz and 900 Hz FO can be observed on UE side for FDD and TDD deployments, respectively. Same time considering LTE, more typical values as 200 Hz and 300 Hz were considered for requirements definition. In this case we also suggest using less than worst case values in NR. For multi-TRP/panel requirements definition we propose to use values from 300-400 Hz and from 600-800 Hz for 15 kHz SCS and for 30 kHz SCS, respectively.
Proposal 10: 	For multi-TRP/panel requirements definition use 300-400 Hz and 600-800 Hz FO for 15 kHz SCS and 30 kHz SCS respectively.
Conclusion
In this paper we provided our view on demodulation requirements for Rel-16 eMIMO WI and made the following proposals:
Proposal 1:	Do not define FR2 requirements for simultaneous reception from multi-TRP/Panel for eMBB.
Proposal 2:	Study testability for FR2 single-DCI based multi-TRP schemes 3 and 4.
Proposal 3:	Define performance requirements for single-DCI based eMBB multi-TRP Tx scheme for FR1.
Proposal 4:	Define performance requirements for single-DCI based URLLC multi-TRP Tx schemes 1a, 2a, 2b for FR1, and 3 and 4 at least for FR1. Further discuss applicability rule between them if UE supports several.
Proposal 5:	Use 1% BLER as a test metric for single-DCI based URLLC multi-TRP Tx schemes performance requirements.
Proposal 6: 	Define PDSCH performance requirements with multi-DCI scheduling only for non-overlapped resource allocation approach.
Proposal 7: 	Further study performance degradation for configuration with colliding TRS/CSI-RS in multi-TRP/panel operation compare to non-colliding configuration.
Proposal 8:	Do not define performance requirements for multi-DCI based multi-TRP with UE rate-matching around configured CRS pattern.
Proposal 9: 	Further study reference receiver assumptions on multi-TRP time tracking implementation in NR. Appropriate TO value for requirements definition should be derived based on performance analysis and analysis on typical TO distributions.
Proposal 10: 	For multi-TRP/panel requirements definition use 300-400 Hz and 600-800 Hz FO for 15 kHz SCS and 30 kHz SCS respectively.
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