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	RAN1 #88 
[bookmark: OLE_LINK5]Agreements [1]:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been pre-empted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB

RAN1 #88bis
Agreements [2]:
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable

· Email discussion until the next meeting – Thorsten (ZTE) on 
· Relationships among
· CBG based retransmission
· Transmission/retransmission of pre-empted data before/after ACK NACK feedback
· Pre-emption indication
· Design proposals taking into account specification impacts.



In the previous RAN1 meetings, it has been agreed that subsequent (re)-transmissions may be used to increase the likelihood of successful demodulation and decoding of the TB which is pre-empted by another transmission. In this paper, following the thread of RAN1 discussion, considerations, analyses and simulation results of subsequent transmission and re-transmission are provided.
Necessity an additional transmission after pre-emption
Table 1
	MCS Index
	Modulation
	Code rate
	Efficiency
	Working SINR @ BLER=0.1 under channel of TDL-C 300ns

	1
	QPSK
	0.10
	0.2
	-4.2 dB

	2
	QPSK
	0.21
	0.42
	-1.6 dB

	3
	QPSK
	0.33
	0.66
	0.2 dB

	4
	QPSK
	0.42
	0.84
	2.8 dB

	5
	16QAM
	0.29
	1.16
	3.6 dB

	6
	16QAM
	0.49
	1.96
	7.4 dB

	7
	16QAM
	0.58
	2.32
	9.1 dB

	8
	64QAM
	0.51
	3.06
	12.3 dB

	9
	64QAM
	0.61
	3.66
	14.7 dB

	10
	64QAM
	0.74
	4.44
	16.7 dB

	11
	64QAM
	0.77
	4.62
	17.4 dB

	12
	64QAM
	0.93
	5.58
	23.0 dB
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	[bookmark: _Ref481790139]Figure 1 Distribution of SINR per eMBB CB
(Simulation conditions are given in Table A.2 of Appendix A.)
	[bookmark: _Ref480814346][bookmark: OLE_LINK22]Figure 2 Performance degradation due to pre-emption/resource reduction 
(A simulation assumption is that victim users could precisely remove the impacted resource following an ideal pre-emption indication if pre-emption occurs.)


The performance of victim eMBB transmission would degrade because it is pre-empted by a URLLC burst, because:
1. The soft buffer of the victim transmission could be polluted by URLLC data;
2. The coding rate of victim transmission would increase after pre-emption because some resource allocated for victim transmission is rescheduled for URLLC.
A pre-emption indication could help to protect the victim eMBB from soft buffer pollution. Regarding to the second kind of performance degradation, pre-emption indication could help when the MCS level of victim transmission is low, i.e. its SINR is lower. However, in higher SINR region where the victim transmission adopts high MCS, an apparent BLER decline could be observed. This is because different MCSs have different error tolerance, as shown in Figure 2. If a BLER of 50% after pre-emption is acceptable, about 50% victim users could benefit from pre-emption indication to alleviate the second performance degradation according the SINR distribution given in Figure 1. And the other 50% victim users need an additional transmission after pre-emption.
Observation 1: 
· For victim transmission with lower MCS, a pre-emption indication can help to increase the likelihood of successfully decoding the original pre-empted transmission.
· For victim transmission with higher MCS, subsequent transmission/re-transmission is necessary to alleviate the performance degradation caused by resource reduction.
Besides, another observation could be derived from Figure 2. The performance loss caused by resource reduction is not linear to the ratio of reduced resource. In most cases, the loss caused by 10% resource reduction is obviously larger than “10%”. For example, if the MCS of victim transmission is 64QAM/0.74-code rate, 10% resource rescheduling can make the BLER drops from 10% to 90%.
[bookmark: OLE_LINK13]To draw the Figure 2, 12 MCS levels are selected which are given Table 1. The working SINR @ 10% BLER[footnoteRef:1] of these MCS are determined by simulations under the multipath channel (TDL-C channel with 300ns delay spread). Then, at the working SINR, a 10% pre-emption[footnoteRef:2] comes up to a TB which is modulated and coded in MCS levels given in Table 1. It is aassumed that an ideal pre-emption indication is available to the victim user which is the expected terminal node of the pre-empted TB. After the pre-emption and the impacted resource removing, the BLER is determined by simulations. The BLER curves with/without 10% pre-emption are given in Figure 2. [1:  The total allocated resource for a TB is fixed to 10 RBs with 15kHZ SCS.]  [2:  The positon of pre-empted resource is randomly selected within the allocated resource.] 


[bookmark: OLE_LINK14][bookmark: _Ref129681832]Subsequent transmission and retransmission after pre-emption
Identification of subsequent transmission and retransmission

Before the discussion on subsequent transmission and retransmission, we may need to identify what is subsequent transmission and what is re-transmission.
1. A TB/CBG/CB which has never been transmitted and is transmitted before its first A/N feedback. In this case, the transmission before the first A/N is an initial transmission of this TB/CBG/CB regardless if it was scheduled before.
2. Retransmission of a TB/CBG/CB is after the A/N of the last transmission of this TB/CBG/CB.
3. If an additional transmission of a TB/CBG/CB is scheduled before the A/N of the last transmission of this TB/CBG/CB. This additional transmission is a repetition but not a re-transmission of this TB/CBG/CB.
[image: ]
[bookmark: _Ref481792423]Figure 3 transmissions before A/N
Based on the above definitions, some cases needs to be further clarified:
· Cases before A/N feedback of a TB/CBG/CB
· Initial transmission of a complete TB;
· Initial transmission of a TB with missing CBG/CB(s). For example in the case 2 of Figure 3, only CBG #1 and CBG #3 has been transmitted though the complete TB is scheduled.
· Initial transmission of CBG/CB(s) of a TB later than the initial transmission of other CBG(s) of the same TB. Also, in the case 2, CBG#2 and #4 are dropped by gNB for a reason, e.g. a pre-emption, and are transmitted later than CBG#1 and #3 and before the A/N of the original transmission. In this case, CBG#2 and #4 has never been transmitted before this transmission. Hence, this transmission is their initial transmission.
· A subsequent transmission of CBG/CB(s) before ACK/NACK feedback for this CBG/CB(s) is a repetition, as the case 3.

· Cases after A/N feedback of a TB/CBG/CB
· Re-transmission of a TB/CBG/CB (whether or not there was an initial transmission for this CBG)
Based on above descriptions, we summarize the identifications and have a proposal:
Identifications:
· Initial transmission could be TB-based or CBG-based.
· Re-transmission of a TB/CBG/CB is after the A/N feedback of the last transmission of this TB/CBG/CB.
· If an additional transmission of a TB/CBG/CB is scheduled before the A/N of the last transmission of this TB/CBG/CB. This additional transmission is a repetition but not a re-transmission of this TB/CBG/CB.
Proposal 1: RAN1 needs to identify the subsequent transmission and the CBG-based retransmission, because the subsequent transmission after pre-emption could be an initial transmission before the A/N.

Efficiency of subsequent transmission and CBG-based retransmission
[image: ]
[bookmark: _Ref480818840]Figure 4 Transmission content of original transmission/ subsequent transmission/retransmission
The subsequent transmission after pre-emption could be CBG-based or Pre-empted resource-based. Pre-empted resource-based transmission means the content of subsequent transmission depends on pre-empted resources, which are indicated by pre-emption indication. As the example shown in Figure 4, Pre-empted resource-based transmission could exactly deliver the pre-empted part to victim eMBB user, while a CBG/CB-based transmission should always start from a RV. The content of CBG/CB-based transmission may be often larger than the pre-empted part.
[image: ] 
[bookmark: _Ref481796439]Figure 5 Ratio of pre-empted resource to the whole resource of a CB
Figure 5 shows the distribution of pre-empted resource to the whole resource of a CB. It could be observed that more than 50% eMBB CBs are impacted by URLLC. For about 30% eMBB CBs, the ratio of pre-empted resource to the whole resource is less than 10%. For about 13% eMBB CBs, the ratio is larger than 10% and less than 20%. Only less than 5% eMBB CBs will be corrupted in a degree higher than 20%. Simulation conditions are listed in Table A2. Therefore, reusing the CBG-based mechanism for subsequent transmission may be inefficient. When eMBB RU is about 45% and URLLC RU is about 6%, it is more likely that only a small part of eMBB CB is pre-empted by URLLC. While, in CBG-based mechanism, the whole CBG would be sent if an additional transmission is necessary after pre-emption.
Observation 2: After a pre-emption, a pre-empted resource-based transmission has better efficiency than CBG/CB-based transmission.
Performance of subsequent transmission /retransmission
It is assumed the scheduling interval of eMBB is 1ms which contains eight 60kHz-SCS 7-symbol slots, and the scheduling interval of URLLC is 0.125ms, i.e. one 60kHz-SCS 7-symbol slot. The CBG-based retransmission is adopted. The maximum number of CBG is 4. Ideal CBG-based A/N is assumed. After pre-emption happens, an ideal pre-emption indication before original A/N is available for victim eMBB users. In another word, victim eMBB users can remove the polluted information from its soft buffer since the original transmission.
Considering that CBG-based retransmission is configurable, some victim users may not be capable of or be suitable for CBG-based retransmission. The SLS results of both CBG-based and TB-based are provided. The subsequent transmission could work with either normal CBG-based retransmission or normal TB-based retransmission.
In this simulation, FTP 3 model is adopted for both eMBB traffic and URLLC traffic. The URLLC RU is about 6%. In simulations with CBG-based retransmission, the eMBB RU is about 55%. In simulations with CBG-based retransmission, the eMBB RU is about 45%. Other simulation results could be found in Table A.2
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Table 2 eMBB UPT performance gain of 
“Pre-empted resource-based subsequent transmission” over “CBG-based re-transmission”

	5%-UPT
	50%-UPT
	95%-UPT

	14.69%
	10.4%
	15.37%


Table 3 UPT Performance gain of 
[bookmark: OLE_LINK17]“Pre-empted resource-based subsequent transmission” over “TB-based re-transmission”

	Average UPT

	23.11%


The 5%/50%/95% UPT performance gains of pre-empted-resource-based subsequent transmission over CBG-based retransmission are given in Table 2. The middle UPT gain is about 10%. More obvious gain could be found with the users near to cell center and the users at cell edge. In this case, all re-transmission are CBG-based.
The average UPT performance gain of pre-empted-resource-based subsequent transmission over TB-based retransmission is given in Table 3. The average UPT gain is about 23%. In this case, all re-transmission are TB-based.
Observation 3: 
· Compared with CBG-based retransmission, about 15% UPT gain of “Pre-empted resource-based subsequent transmission” could be observed with the users near to cell center and the users at cell edge.
· Compared with TB-based retransmission, about 23% UPT average gain could be achieved by “Pre-empted resource-based subsequent transmission”.
Observation 4: The subsequent transmission can be scheduled when the UE is not configured with CBG transmission.

Standardization impacts of subsequent transmission
· Subsequent transmission scheduling DCI design
The DCI size which is utilized to schedule a subsequent transmission could be the same as the DCI for initial/re-transmission, in order to limit the PDCCH blind detection complexity.
· Rate matching design for pre-empted resource-based subsequent transmission 
In case that the size of resource scheduled for subsequent transmission is smaller or larger than that of the pre-empted resource, a simple rate matching mechanism may be necessary. For example, all impacted REs (modulated symbols) could be lined up. The gNB could map these modulated symbols on the scheduled resource by taking the modulated symbol line as a circular buffer.
Impacts of subsequent transmission on gNB and UE implementations
· Buffer flush of UEs
Besides NDI, UEs could flush the whole buffer or part of it following a pre-emption indication.
· Decoding behavior of UEs
The processing timeline of eMBB UEs does not need to be minimized all time. The timeline could be adjusted by a UE when a pre-emption might happen with its transmission, e.g. after the UE is configured to monitor the pre-emption indication.
In this case, the UE can still use the pipeline to deal with its received TB/CBG/CB as same as the case that pre-emption indication monitoring is not necessary. However, a large buffer may be required in the meanwhile to store this received signal in case it needs to be processed once again if pre-emption determines occurring.
Another choice for the UE is to adjust its processing timeline and wait for the pre-emption indication.
Besides, the UE could be capable of working on a self-contained ACK/NACK feedback and is being configured by gNB to do so. In this case, the UE could always decode received signal as fast as it can. If a pre-emption occurs, the gNB could retransmit the corrupted data again and again till the data is successfully decoded or the max retransmissions are reached. Some of time/frequency resource would be visibly wasted in this way. Hence, the motivation to do so is not clear. It is hard to say why the network needs to preempt a UE being in self-contained mode to serve a URLLC burst.
In short, how to decode data which may be pre-empted by another transmission could be an implementation issue.
Conclusion
In this contribution, subsequent transmission and retransmission are identified, we have the below identifications and proposal:

Identifications:
· Initial transmission could be TB-based or CBG-based.
· Re-transmission of a TB/CBG/CB is after the A/N feedback of the last transmission of this TB/CBG/CB.
· If an additional transmission of a TB/CBG/CB is scheduled before the A/N of the last transmission of this TB/CBG/CB. This additional transmission is a repetition but not a re-transmission of this TB/CBG/CB.
Proposal 1: RAN1 needs to identify the subsequent transmission and the CBG-based retransmission, because the subsequent transmission after pre-emption could be an initial transmission before the A/N.

The considerations and analyses on subsequent transmission and retransmission are provided. We have below observations:
Observation 1: 
· For victim transmission with lower MCS, a pre-emption indication can help to increase the likelihood of successfully decoding the original pre-empted transmission.
· For victim transmission with higher MCS, subsequent transmission/re-transmission is necessary to alleviate the performance degradation caused by resource reduction.

Observation 2: After a pre-emption, a pre-empted resource-based transmission has better efficiency than CBG/CB-based transmission.

Observation 3: 
· Compared with CBG-based retransmission, about 15% UPT gain of “Pre-empted resource-based subsequent transmission” could be observed with the users near to cell center and the users at cell edge.
· Compared with TB-based retransmission, about 23% UPT average gain could be achieved by “Pre-empted resource-based subsequent transmission”.

Observation 4: The subsequent transmission can be scheduled when the UE is not configured with CBG transmission.

Based on the above observations, we have the below proposal:
[bookmark: _GoBack]Proposal 2: Scheduling-based subsequent transmissions before the A/N feedback of the original transmission should be supported.
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Appendix
Appendix A. Simulation conditions
[bookmark: OLE_LINK18]Table A1. LLS conditions 
	
	Simulation assumptions

	Bandwidth
	20MHz

	Subcarrier space
	15kHz

	Rank
	1

	Tx/Rx Antenna
	2X2

	Channel Model
	TDL-C 300ns



Table A2 SLS conditions
	Parameters
	Description

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	20 MHz

	Channel model
	3D UMa

	BS Tx power
	46 dBm

	BS antenna configurations
	2TX

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8dBi

	UE antenna configurations
	2RX

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	URLLC: FTP Model 3 with MAC packet size 32bytes
eMBB: FTP Model 3 with APP packet size 0.5Mbytes 

	Traffic load (Resource utilization)
	URLLC/eMBB: Poisson packet arrival with arrival rate λ to achieve URLLC/eMBB target resource utilization ratio

	UE distribution
	20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h
URLLC: 10 UE/sector
eMBB: 10 UE/sector

	UE receiver
	MMSE-IRC
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