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Background
During RAN4#98-e meeting, way forward [1] on NR FR1 HST demodulation requirements was approved. In this contribution, we share our views about the demodulation requirements for NR UE HST FR1 enhanced transmission schemes.
Discussion
PDSCHs allocations between different RRHs
	· PDSCHs allocations between different RRHs
· Baseline assumption for evaluation: reuse the same PRB allocation as Rel-16 eMIMO multi-DCI based transmission, i.e., overlapped in time domain but not overlapped in frequency domain
· FFS whether to consider both overlapped and non-overlapped PDSCHs allocations between different RRHs for performance analysis



In the latest RAN1 features list, there are three features defined as following Table 2.1-1 shows. The first feature “Multi-DCI based multi-TRP” is the basic feature that contain the sub-feature “Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency”. The other two features, i.e. full overlapping and partially overlapping PDSCH allocation are optional features independent of the basic feature. Also considering that advanced receiver is needed for interference cancellation, we propose to not consider full overlapping or partially overlapping cases for multi-DCI based multi-TRP.
Table 2.1-1 Features list for multi-DCI based multi-TRP
	Index
	Feature group
	Components
	Prerequisite feature groups
	Mandatory/Optional

	16-2a
	Multi-DCI based multi-TRP
	The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0
The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0
Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency
Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
	
	Optional with capability signalling

	16-2a-0
	Overlapping PDSCHs in time and fully overlapping in frequency and time
	Support PDSCHs with fully overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are exactly the same REs 
The maximal number of PDSCH scrambling sequences per serving cell
	16-2a
	Optional with capability signalling

	16-2a-1
	Overlapping PDSCHs in time and partially overlapping in frequency
	Support PDSCHs with partially overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are partially overlapped, with at least one RE 
	16-2a-0
	Optional with capability signalling



Do not consider full overlapping or partially overlapping cases for multi-DCI based multi-TRP.
SNR definition
For single-tap, DPS or SFN transmission scheme in HST scenario requirements definition, received power of the UE is fixed regardless of the UE position while the power is time-varying in the real network. Such channel modelling is too ideal but it is generally no problem since that it may be convenient for the test. For multi-TRP transmission scheme, the factor for the ratio of power received from different TRP should be considered. In Rel-16 eMIMO WI, multi-DCI based multi-TRP requirements are defined considering the same SNR value for both TRP, i.e. the factor is equal to 1. However, in HST scenario, such assumption is not correct since that the power received from each TRP changes for different time, as per Figure 2.2-1 shows. Therefore, the SNR should be changed for different time and different RRH for the non-overlapping case, if multi-DCI based multi-TRP requirements are defined.
[image: ]
Use changed SNR for different time and different RRH for the non-overlapping case, if multi-DCI based multi-TRP requirements are defined.
Scheduled in ‘S’ slot
Same reason as HST-SFN and multi-path fading requirements defined in Rel-16, large Doppler spread in multi-DCI based multi-TRP scenario will cause performance significant performance degradation. So we propose to not scheduled PDSCH in ‘S’ slot, if multi-DCI based multi-TRP requirements are defined.
Do not scheduled PDSCH in ‘S’ slot, if multi-DCI based multi-TRP requirements are defined.
Extra Doppler/timing offset
	· Further check whether Doppler/timing offset may exceed maximum UE capability with the assumption of Non-ideal synchronization



In Rel-16 NR eMIMO WI, extra time/frequency offset is needed to verify the impact of time/frequency offset on performance. However, very large time/frequency (both positive and negative) can be observed for HST scenario, it is not necessary to consider that. Also, extra time/frequency offset is not considered for any other HST cases. To solve the “frequency wrap” issue observed in our contribution [2], we propose that do not consider extra time/frequency offset. If companies have strong view on extra time/frequency offset, we propose to calculate them into the total frequency/time offset to ensure the total frequency/time offset is within the UE capability, if multi-DCI based multi-TRP requirements are defined.
Do not consider extra time/frequency offset or calculate them into the total frequency/time offset to ensure the total frequency/time offset is within the UE capability, if multi-DCI based multi-TRP requirements are defined.
Evaluation criteria
	· Evaluation criteria
· Option 1: Max achievable throughput across all scheduled TB
· Different train locations and SNR points should be analyzed
· Option 2: SNR at 70% @max achievable throughput
· Option 3: Max supported Doppler frequency
· Other options are not precluded



In last meeting, the above 3 options are proposed for evaluate the performance difference among different transmission schemes.
Maximum achievable throughput across all scheduled TB
The maximum achievable throughput is calculated in the following Table 2.3-1, assuming 10MHz channel bandwidth/15kHz SCS for FDD and 40MHz channel bandwidth/30kHz SCS for TDD and other parameters in slide 14 of the [1]. We can see that almost same throughput can be achieved for multi-DCI based multi-TRP comparing to DPS/SFN.
Table 2.3-1 DPS/SFN vs Multi-DCI based multi-TRP @ Maximum throughput
	MCS
	Maximum throughput [Mbps]

	
	FDD
	TDD

	
	DPS
	SFN
	Multi-DCI based multi-TRP
	DPS
	SFN
	Multi-DCI based multi-TRP

	13
	-
	23.8488
	23.8488
	-
	69.1416
	69.1416

	17
	32.1252
	N/A
	32.1024
	95.8464
	N/A
	91.3032



Almost same maximum throughput can be calculated in theory for multi-DCI based multi-TRP comparing to DPS/SFN.
As per our contribution [2], maximum throughput cannot achieved for multi-DCI based multi-TRP with MCS 17 and TDD 30 kHz regardless the value of timing offset.
Maximum throughput cannot achieved for multi-DCI based multi-TRP with MCS 17 and TDD 30 kHz regardless the value of timing offset
SNR at 70% @max achievable throughput
As per our contribution [2], bad performance is observed using multi-DCI based multi-TRP when UE is near to the RRH. The typical application scenario for multi-DCI based multi-TRP should be that UE is near to the midpoint of two TRP. Also we don’t see any performance gain considering that DPS is better than multi-DCI based multi-TRP all the time from the perspective of throughput.
There is no performance gain for multi-DCI based multi-TRP comparing to HST-DPS all the time.
Maximum supported frequency/timing offset
UE needs to track at least two active TCI states simultaneously, same UE capability of the maximum frequency offset tracking is expected for all three transmission schemes in theory. Our contribution [2] also verify that total frequency offset over than 870Hz for 15 kHz SCS will cause the “frequency wrap” then leads to the significant performance degradation. Also considering the bottleneck of the maximum support frequency offset on uplink, we propose to use maximum frequency offset of 870Hz for 15KHz SCS, 1667Hz for 30 KHz SCS respectively, if multi-DCI based multi-TRP requirements are defined.
Same UE capability of the maximum frequency offset tracking for all three transmission schemes.
Total frequency offset over than 870Hz for 15 kHz SCS will cause the “frequency wrap” then leads to the significant performance degradation.
Use total maximum frequency offset of 870Hz for 15KHz SCS, 1667Hz for 30 KHz SCS respectively, if multi-DCI based multi-TRP requirements are defined.
Based on analysis of above three evaluation metric, we don’t see any gain for multi-DCI based multi-TRP. So we propose to not define multi-DCI based multi-TRP requirements under HST scenario. If companies have strong view on multi-DCI based multi-TRP, further evaluate whether there is any gain at other metric.
Do not define requirements multi-DCI based multi-TRP under HST scenario.
Proposals
In this contribution, we discuss on demodulation performance for NR UE HST FR1 enhanced transmission schemes. Our observations and proposals are:
1. Almost same maximum throughput can be calculated in theory for multi-DCI based multi-TRP comparing to DPS/SFN.
Maximum throughput cannot achieved for multi-DCI based multi-TRP with MCS 17 and TDD 30 kHz regardless the value of timing offset
There is no performance gain for multi-DCI based multi-TRP comparing to HST-DPS all the time.
Same UE capability of the maximum frequency offset tracking for all three transmission schemes.
Total frequency offset over than 870Hz for 15 kHz SCS will cause the “frequency wrap” then leads to the significant performance degradation.
1. Do not consider full overlapping or partially overlapping cases for multi-DCI based multi-TRP.
Use changed SNR for different time and different RRH for the non-overlapping case, if multi-DCI based multi-TRP requirements are defined.
Do not scheduled PDSCH in ‘S’ slot, if multi-DCI based multi-TRP requirements are defined.
Do not consider extra time/frequency offset or calculate them into the total frequency/time offset to ensure the total frequency/time offset is within the UE capability, if multi-DCI based multi-TRP requirements are defined.
Use total maximum frequency offset of 870Hz for 15KHz SCS, 1667Hz for 30 KHz SCS respectively, if multi-DCI based multi-TRP requirements are defined.
Do not define requirements multi-DCI based multi-TRP under HST scenario.
Reference
[bookmark: _Ref63699293][bookmark: _Ref67740124]R4-2103876, WF on UE demodulation for FR1 HST, RAN4#98-e, CMCC
[bookmark: _Ref66695268][bookmark: _GoBack]R4-2106811, Simulation results for evaluations of enhanced transmission schemes for NR UE HST FR1 performance requirements, RAN4#98-bis-e, Huawei, HiSilicon

image1.png
Normalized UE received Power/dB

-10

-12

-14

Multi-DCI based multi-TRP

RRH O
RRH 1
RRH 2
RRH 3

-500

0

500 1000 1500 2000
Distance/m

2500





