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Introduction
In the RAN4 #94e meeting WF on UE demodulation and CSI requirements for Rel-16 NR eMIMO was agreed [1]. The following agreements on the test scope for performance requirements definition were made:
	· Define PDSCH requirement scheduled by multi-DCI based multi-TRP/Panel transmission
· Whether to define PDSCH requirement scheduled by single-DCI based multi-TRP/Panel transmission
· Yes
· No
· No PDSCH requirements for URLLC multi-TRP transmission schemes with reliability transmission with lower BLER test metric (e.g., lower than 1% BLER) in Rel-16 NR eMIMO WI
· Whether to define PDSCH requirements for URLLC multi-TRP transmission schemes with test metric @70% maximum TP
· Yes
· Deprioritize
· No
· Whether to define PDSCH requirement based on Rel-16 DMRS enhancement
· Define one DL test to verify receiver processing of Rel-16 DMRS enhancement
· if defined, existing UE performance test cases can be reused or replaced with Rel-16 DMRS configuration without requirements and other test parameters modification
· One new test case with test parameters modification
· Not to define any new PDSCH performance requirement of Rel-16 DMRS enhancement
· Define the PMI reporting requirement for Enhanced of Type II Codebook


In this paper we provide our view on requirements for different scenarios and discuss suitable time/frequency offset values for test cases definition. Also, view on other test setups is presented below.
Discussion
Multi-TRP/panel transmission
Scenarios
As  a part of NR eMIMO WI RAN1 defined a number of enhancements in Rel-16 in order to support more efficient, reliable and robust multi-TRP/panel operation. The following transmission scenarios were considered:
· Multi-TRP transmission (A)
· Multi-Panel transmission (B)
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	(A) Multi-TRP Tx
	(B) Multi-Panel Tx

	Figure 1. Rel-16 eMIMO scenarios


From the UE perspective the schemes with simultaneous and non-simultaneous reception from multiple TRPs/panels were discussed. For FR1 UEs the simultaneous reception of signals from multiple TRPs is in general feasible under assumption of synchronous incoming signal. For FR2 UEs simultaneous reception may require support of simultaneous multi-panel operation with several independent RX beams. The support of several independent RX beams will have impact on the RF and RRM core requirements and cannot be considered in Rel-16 timelines. Therefore, for FR2 scenarios it is recommended to focus on a single panel scenario with single RX beam operation. 
Proposal 1:	For NR eMIMO performance requirements definition 
· FR1: Consider scenarios with both simultaneous and non-simultaneous reception from multiple TRPs
· FR2: Prioritize scenarios with single RX beam operation and non-simultaneous reception from multiple TRPs. Do not define requirements for scenarios with several independent RX beams and simultaneous reception from multiple TRPs.
Time/frequency offset
In LTE CoMP, the following deployments were considered[2]:
· Case A: Macro/high power RRH + Macro/high power RRH CoMP scenario 
· The macro/high power RRH cell-edge user may be configured as CoMP mode.
· Case B: Macro + low power RRH CoMP scenario
· The Macro or low power RRH user may be configured as CoMP mode.
In Case A, typically a small propagation delay difference between TPs could be assumed since CoMP would work for cell-edge users for which mainly similar propagation distances to different TPs can be assumed. In Case B, a larger propagation delay difference should be assumed especially for case B as shown in the Figure 2.
	[image: ]

	[image: ]

	Figure 2. Max propagation delay differences for CoMP deployments A and B


LTE CoMP UE performance requirements were defined using timing offset in [-0.5, 2] us range. This range was derived based on system level evaluations considering typical use cases. The 2 us timing offset can arise from 600 m propagation delay difference. 
The respective LTE based timing offset values can be a starting point for the discussion of NR requirements. For 15 kHz SCS it is expected that same values can be applied without substantial impact on the performance. Meantime, 30 kHz and 60 kHz SCS operation may be more sensitive to long timing offsets due to shorter symbol duration and additional analysis on the performance robustness is needed to assess feasible timing offsets.
In the Table 1 we provide the demodulation performance study of time offset impact on different SCSs for different MCS values and Rank 2. For the analysis a basic DPS transmission scheme was assumed when the RX DL timing is set based on one TRP and the actual PDSCH is transmitted from another TRP and arrives with certain timing offset. The receiver performs post FFT time offset compensation.
Table 1. Demodulation performance degradation at 70%@ max thr compare to scenario with zero time offset
	Channel model
	SCS
	MCS
	Rx timing offset, [us]

	
	
	
	2
	1
	-0.5

	TDL-A
	15 kHz SCS
	MCS 4
	0
	0
	0.1

	
	
	MCS 13
	0
	0
	0.3

	
	
	MCS 17
	0
	0
	1.5

	
	30 kHz SCS
	MCS 4
	0
	0
	0.1

	
	
	MCS 13
	0
	0
	0.5

	
	
	MCS 17
	0
	0
	4.3

	TDL-C
	15 kHz SCS
	MCS 4
	0
	0
	0.1

	
	
	MCS 13
	0
	0
	0.5

	
	
	MCS 17
	0
	0
	1.8

	
	30 kHz SCS
	MCS 4
	0
	0
	0.1

	
	
	MCS 13
	0.2
	0
	0.7

	
	
	MCS 17
	0.6
	0.1
	5


Observation #1: Propagation delay difference may impact UE demodulation performance:
1) The positive difference up to 2 us provides rather limited impact even for high MCS values for both 15 kHz and 30 kHz SCS
2) The negative difference up to -0.5 us provides
a.  Sufficient impact on 30 kHz SCS with MCS 17
b. Rather limited impact on 15 kHz SCS for all considered MCS values and MCS 4, 13 for 30 kHz SCS

Proposal 2: 	Reuse [-0.5, 2] us Rx timing difference requirements for Rel-16 eMIMO demodulation requirements for 15 kHz SCS. For 30 kHz SCS use 2us as upper bound on positive propagation delay difference. Study suitable negative upper bound on propagation delay difference for 30 kHz SCS.
Frequency offset synchronization requirements in LTE CoMP is equal to 200 Hz. In the last meeting it was proposed to reuse same values for NR. Same time we also need to consider 0.1ppm frequency error on 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. As a careful candidate option, we suggest using LTE requirements as a starting point and scale this value for different numerologies. Same time concrete values should be studied to understand the upper bound without impact on demodulation performance.
Proposal 3: 	Further study suitable frequency error for different numerologies.
Rel-15 multi-TRP transmission schemes
Discussion on performance requirements definition for multi TRP operation was started from Rel-16. Same time several transmission schemes are supported from Rel-15: multi TRP Joint Transmission (JT) and multi TRP Dynamic Port Selection (DPS).  Moreover, corresponding performance requirements was never discussed for them due limited time in Rel-15 and corresponding prioritization. In this case we think, that RAN4 should also consider Rel-15 multi TRP transmission schemes in a scope of Rel-16 multi TRP transmission.
Proposal 4: 	Discuss performance requirements definition for Rel-15 multi TRP transmission schemes in the scope of Rel-16 eMIMO. 
PDSCH requirements 
PDSCH scheduled by multi-DCI
Resource allocation
In the last meeting it was agreed to define performance requirements at least for non-overlapped PDSCH scheduling. Test cases with fully-overlapped and partially-overlapped procedures are FFS.
In general, there are no fundamental differences between all scheduling procedures in terms of receive processing. Besides that, considering limited time frame on requirements definition we need to do some prioritization of Rel-16 eMIMO features and avoid test case duplications. In this case it is sufficient to have PDSCH scheduled by multi DCI test case with only non-overlapped scheduling. There other scheduling approach can be covered by test case with PDSCH scheduled by single DCI if it will be agreed to introduced.  
Proposal 5: 	Define PDSCH performance requirements with multi-DCI scheduling only for non-overlapped PDSCH scheduling.

Layer combination
For layer combination among two CWs, first we prefer to have same configuration for both 2 Rx and 4Rx use cases. Also, considering non-overlapped scheduling, it is necessary to configure same number of layers for each CW to have same SNR point for both CWs. In this order we suggest using of 2+2 layer combination.
Proposal 6: 	Define PDSCH performance requirements with multi-DCI scheduling with 2+2 layer combination among CWs.

ACK/NACK feedback scheme
To support both ideal and non-ideal backhaul use cases RAN1 have designed joint and separate ACK/NACK feedback modes respectively. Same time from PDSCH performance verification there is no deference between these options. Both schemes do not impose any restrictions on CWs retransmission. In this case we prefer to define requirements only with one feedback scheme. Since joint feedback mode is identical to DL CA feedback and cannot be used in non-ideal backhaul scenarios, we suggest defining requirements with separate mode.
Proposal 7: 	Define PDSCH performance requirements with multi-DCI scheduling only with separate ACK/NACK feedback scheme. 

PDSCH scheduled by single-DCI
In comparison to multi-DCI based scheduling in this operation mode a single PDCCH schedules single PDSCH where separate layers are transmitted from separate TRPs. NR Rel-15 design does not allow reliable demodulation performance in this transmission scheme since it supports only one TCI state for one PDSCH from one TRP. Therefore, new QCL design for PDSCHs was introduced to support multi-TRP transmission using single DCI. Based on this design, TCI codepoint in DCI can be associated with one or two TCI states. In case of 2 TCI and 2 DMRS CDM groups are configured, UE may assume quasi co-location of DMRS ports from one CDM group with one TRS signals (for example, TRS 1) and DMRS ports from another CDM group with another signals (for example, TRS 2).
Obviously, 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. 
Given the different use cases and backhaul conditions as listed in the WID for multi-Panel/TRP, performance requirements for both single DCI as well as multi DCI based scheduling  transmission schemes should be defined.
Proposal 8:	Define performance requirements for PDSCH scheduled by single-DCI multi-TRP transmission scheme.

Resource allocation
For PDSCH test cases with single DCI scheduling we have two options on scheduling for further down-selection: fully overlapped and non-overlapped. Same time it is not possible from system design perspective to configure different allocations by single DCI. All layers transmitted  in multi TRP/panel manner should share same time/frequency resources. In this case only option with fully overlapped scheduling can be considered.
Proposal 9:	Define PDSCH scheduled by single-DCI performance requirements only for fully-overlapped scheduling approach.

Layer combination
Considering that resource allocation approach for single-DCI based scheduling transmission scheme can be only fully-overlapped and our intention to have similar test setup for 2Rx and 4Rx we suggest using of 1+1 layer combination. 
Proposal 10:	Define PDSCH scheduled by single-DCI performance requirements with 1+1 layer combination among CWs.
URLLC transmission schemes
To address URLLC use cases RAN1 defined some enhancements in Rel-16 in order to support more reliable and robust multi-TRP/panel operations. The following transmission schemes were introduced:
· Repetition scheme 2a
· Repetition scheme 2b
· Repetition scheme 3
· Repetition scheme 4
To understand reasonable scope of required demodulation test cases, below we provide a general description of each scheme and corresponding Rel-16 defined enhancements.
Schemes for URLLC use case
Multi-TRP/panel transmission can significantly improve reliability transmission by achieving higher diversity order. For this case one transparent way of multi TRP operation was already supported from Rel-15 since UE can receive the same data from multiple TRPs/panels by using the same DMRS port(s). In this case over the air data combining is applicable which is transparent from UE side. 
In order to enhance NR reliability and robustness a new set of repetitions schemes for multi-TPR/panel operation modes were introduced in Rel-16. The main difference between these schemes is mainly related to how time frequency resources are divided between different TRPs. In the Figure 3 we provide a general illustration of each scheme in terms of resource allocation approach for 2 transmit TRPs.

	Scheme 2a
	Scheme 2b
	Scheme 3
	Scheme 4
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	Figure 3. Resource allocation approach for different Rel-16 URLLC transmission schemes


Repetition Scheme 2a
In this scheme PRGs are divided equally between TRPs and common time domain allocation approach is used. The single RV is used for both Tx occasions. 
Repetition Scheme 2b
In this scheme different RVs are used for transmissions from different TRPs in comparison to Scheme 2a. Such modification allows to avoid situation that initial transmission cannot be received due to blockage of one TRP. The same resource allocation manner as in 2a scheme is used.
Repetition Scheme 3
Compare to previous repetitions schemes resource allocation in scheme 3 operates in time domain. In this scheme the same PRGs are used by TRPs, but OFDM symbols are equally divided between them. The different RV versions are used across different Tx occasions.
Repetition Scheme 4
Slot repetition manner is used in scheme 4 to improve reliability transmission. The single RV is transmitted in each slot and different Tx occasions utilize different RV.
Receive processing of each mentioned above transmission scheme is different and requires modifications of Rel-15 UE behaviour. Also, considering importance of URLLC features especially for industrial use cases we suggest defining requirements for all defined schemes.
Proposal 11:	Define PDSCH demodulation requirements for repetition schemes 2a, 2b 3 and 4.
Besides above FDM/TDM transmission schemes, RAN1 also discussed SDM schemes for URLLC. In the outcome, scheme 1a were agreed to be introduced from Rel-16. In this scheme overlapped time/frequency resources between TRPs are configured for data transmission. Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s), one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
From UE demodulation perspective this scheme is supported from Rel-15 since over the air data multiplexing is transparent for UE. Same time single TRP demodulation test cases cannot guarantee reliable demodulation performance for scheme 1a. In Single TRP test cases we do not consider receive time difference which exist in multi-TRP operation scenario due to BS sync errors and propagation delay difference. In this case it is necessary to study applicable receive time difference for scheme 1a and then define corresponding performance requirements.
Proposal 12:	Define PDSCH demodulation requirements for repetition scheme 1a.
Conclusion
[bookmark: _GoBack]In this paper we provided our view on demodulation requirements for Rel-16 eMIMO WI and made the following proposals:
Proposal 1:	For NR eMIMO performance requirements definition 
· FR1: Consider scenarios with both simultaneous and non-simultaneous reception from multiple TRPs
· FR2: Prioritize scenarios with single RX beam operation and non-simultaneous reception from multiple TRPs. Do not define requirements for scenarios with several independent RX beams and simultaneous RX from multiple TRPs.
Proposal 2: 	Reuse [-0.5, 2] us Rx timing difference requirements for Rel-16 eMIMO demodulation requirements for 15 kHz SCS. For 30 kHz SCS use 2us as upper bound on positive propagation delay difference. Study suitable negative upper bound on propagation delay difference for 30 kHz SCS.
Proposal 3: 	Further study suitable frequency error for different numerologies.
Proposal 4: 	Discuss performance requirements definition for Rel-15 multi TRP transmission schemes in the scope of Rel-16 eMIMO. 
Proposal 5: 	Define PDSCH performance requirements with multi-DCI scheduling only for non-overlapped PDSCH scheduling.
Proposal 6: 	Define PDSCH performance requirements with multi-DCI scheduling with 2+2 layer combination among CWs.
Proposal 7: 	Define PDSCH performance requirements with multi-DCI scheduling only with separate ACK/NACK feedback scheme. 
Proposal 8:	Define performance requirements for PDSCH scheduled by single-DCI multi-TRP transmission scheme.
Proposal 9:	Define PDSCH scheduled by single-DCI performance requirements only for fully-overlapped scheduling approach.
Proposal 10:	Define PDSCH scheduled by single-DCI performance requirements with 1+1 layer combination among CWs.
Proposal 11:	Define PDSCH demodulation requirements for repetition schemes 2a, 2b 3 and 4.
Proposal 12:	Define PDSCH demodulation requirements for repetition scheme 1a.
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