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Discussion and decision
1 Introduction

For enhancement of scheduling and HARQ procedure in NR [1], it was agreed in RAN1#88bis to support CB-group (CBG) based retransmission. 

	· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded


This contribution considers DCI formats, time-frequency resources and relations with pre-emption indication and sub-sequent transmissions for CBG-based retransmissions. 
2 Discussions 
To support CBG-based retransmission, several issues need to be investigated such as 
· Issue 1: how to form a CBG, 
· Issue 2: how a UE determines the HARQ-ACK codebook, and 
· Issue 3: how to schedule CBGs and indicate the CBGs that are retransmitted. 
Issue 1 and Issue 2 are discussed in [2] and [3], respectively. This contribution considers Issue 3. 
CBG indication

The following two alternatives can be considered for informing a UE of CBGs that are retransmitted.

· Alt 1. The gNB retransmits the CBGs that the UE indicated through multi-bit HARQ-ACK feedback.
· Alt 2. A DCI format includes a bit field to indicate the CBGs that are retransmitted.

Alt. 1 is suitable when the HARQ-ACK feedback is transmitted with CRC protection as this allows the gNB to determine correct or incorrect detection of a HARQ-ACK codebook. As with CBG-based retransmissions the HARQ-ACK payload is likely larger than ~10 bits, Alt. 1 can be considered as broadly applicable. To account for cases that the gNB incorrectly detects the HARQ-ACK codebook or for cases where the gNB incorrectly determines PUCCH DTX, a one bit indicator (‘CBG-based transmission’) can be included in DCI formats to indicate whether a transmission is a transmission of a TB or a retransmission of CBGs based on the HARQ-ACK feedback from the UE. 
For Alt 2, the gNB can configure the HARQ-ACK codebook size to the UE by higher layer signaling, for example according to the UE coverage. When the gNB schedules a TB to the UE, the DCI format includes information about the CBGs that are transmitted. Therefore, the DCI includes a CBG transmission indicator through a 1 bit indication per CBG. Alt. 2 can be applicable for small HARQ-ACK codebook sizes without CRC protection. The exact value is FFS and can be determined in conjunction with the HARQ-ACK encoding (minimum payload where CRC is included) and DCI overhead due to CBG transmission indicator bits. 
Proposal 1: Consider Alt 1 and Alt 2 for CBG indication in retransmission.
Proposal 2: Consider CBG-based retransmission based on HARQ-ACK feedback when the HARQ-ACK codebook includes CRC; otherwise, consider CBG transmission indication in the DCI format.  
Relation with pre-emption indication

Pre-emption indication is to inform UEs of punctured resources. The expected UE behaviour from this pre-emption indication is that the UE will flush out the soft buffer part corresponding to the indicated resources and disregard respective soft bits. The granularity of the pre-emption indication can be an OFDM symbol, a few OFDM symbols, CB, CBG, and time-frequency resources.
One way to unify CBG-based retransmission and pre-emption indication is that a DCI format for CBG-based retransmission includes a bit field of pre-emption indication having granularity of CBG. This bit field of pre-emption indication having granularity of CBG informs a UE of whether soft buffer corresponding to indicated CBGs are flushed out when retransmission happens. In this scenario, the channel containing the indication is the PDCCH conveying the DCI format scheduling PDSCH to the UE and the indication timing is when retransmission happens. 
The above pre-emption indication in DCI format as a bit field can be configured independently with CBG transmission indication. Joint coding of CBG transmission indication and pre-emption indication is also possible. In joint coding, there are three states of CBG retransmission indication: 1) the CBG is not retransmitted, 2) the CBG is retransmitted and the related soft buffer does not need to be flushed out, and 3) the CBG is retransmitted and the related soft buffer needs to be flushed out. Joint coding can enable reduction in DCI overhead compared to separate coding when puncturing indication by DCI is configured to a UE. 
Proposal 2: It is possible to have pre-emption indication in DCI format for CBG-based retransmission.

Proposal 2: Support unified design for pre-emption indication and CBG-based retransmissions.

Retransmission timing: relation with subsequent transmission
Suppose that transmission and retransmission are distinguished based on whether a corresponding TB was transmitted or not. For example, if a TB was transmitted before and a part of the TB was punctured for URLLC, the transmission of the punctured part only is called “retransmission” even though the punctured part was actually not transmitted before due to puncturing. With this criterion, sub-sequent transmission can be defined as a retransmission of a TB before the gNB receives HARQ-ACK feedback corresponding to the initially transmitted TB. 

To support sub-sequent transmission, the following three major issues need to be resolved.

· Performance improvement: this sub-sequent transmission can give benefit only for URLLC puncturing case. Firstly, the performance gain much depends on the probability assumption of URLLC arrival. Secondly, even for URLLC puncturing case, enough performance gain is not expected by using sub-sequent transmission.

· gNB scheduler complexity: Sub-sequent transmission enforces the gNB to reschedule data in the next slot right after the initial transmission If the scheduling timing is delay for sub-sequent transmission, the benefit of sub-sequent transmission is degraded. 

· UE implementation complexity: To support sub-sequent transmission, a UE needs to prepare for HARQ combining. So, the UE cannot have multiple pipelines for parallel processing which results in high complexity of UE implementation.
Evaluation of sub-sequent transmission

The SLS evaluation results for sub-sequent transmission before/after HARQ-ACK are shown as below. To compare the performance according to the retransmission timing, 5%, 50%, 95% and average UPT performances are provided according to various eMBB RUs. Note that RU for URLLC traffic is assumed to be 10% for all cases. That is, URLLC packet is arrived and scheduled in 10% of all slots during evaluation time.
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Figure 1. For low RU (RU of CBG-based retransmission after HARQ-A/N is 25%)
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Figure 2. For medium RU (RU of CBG-based retransmission after HARQ-A/N is 48%)
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Figure 3. For high RU (RU of CBG-based retransmission after HARQ-A/N is 80%)

As shown in Figure 1, Figure 2, and Figure 3, transmission before the gNB receives HARQ-ACK feedback from a UE does not bring performance gain compared to transmission after the gNB receives HARQ-ACK feedback from the UE. There are two reasons that this sub-sequent transmission before HARQ-ACK feedback does not give performance gain. One reason is that URLLC puncturing probability is not much. This evaluation uses 10% of URLLC puncturing probability and higher URLLC puncturing probability does not make meaningful performance results for eMBB. If URLLC puncturing probability is high, orthogonal resource reservation for URLLC will be efficient for both eMBB and URLLC. Another reason is that eMBB packet size is large, which means that one-shot transmission cannot complete the transmission of one eMBB packet. To send one eMBB packet, several TTIs will need to be scheduled. As the number of required TTI increases, the performance gain of this sub-sequent transmission decreases. 
Observation 1: Sub-sequent transmission before the gNB receives HARQ-ACK feedback does not bring performance gain for eMBB packet transmission.

Proposal 3: Sub-sequent transmission before receiving HARQ-ACK feedback needs further study, especially in perspective of performance gain, gNB and UE implementation complexity. 
Time-frequency resources and resource mapping
When CBG retransmission happens, the retransmission can be scheduled over a different (typically smaller) number of symbols than the initial TB transmission. Figure 4 shows an example of CBG-based retransmission where there are 6 CBs for 3 CBGs (2 CBs/CBG) and decoding for the second CBG that includes CB 2 and CB 3 fails. Then, the retransmission may be scheduled by using a smaller number of symbols as shown in (a). This is up to RAN1 decision of the HARQ process management for different TTI scheduling issue. Alternatively, as shown in (b), the same TTI length can be used. For both options, the remaining time-frequency resources will be used for other UEs.
Within the agreement in RAN1#88bis, there is FFS whether a CBG is approximately aligned with symbol(s). The following can be considered for CBG to be aligned with symbol(s).

· gNB scheduling restriction 

· variable/configurable CB size

The above two schemes are not investigated from the perspective of performance improvement. To support alignment of CBG and symbol(s), any other solutions for CBG to be aligned with symbol(s) should provide sufficient performance gain.
One suggested advantage of the alignment between CBG and symbol(s) is that it can minimize the number of CBGs that is incorrectly decoded due to preemption. For example, there may be three CBGs mapped in one OFDM symbol without alignment when only a part of the first and the last CBGs is mapped to the OFDM symbol and the second CBG is fully mapped in the OFDM symbol. In this case, when the OFDM symbol containing the above three CBGs is punctured, decoding for all three CBGs may fail while, if one OFDM symbol includes only one CBG, the puncturing of the OFDM symbol affects only one CBG. 
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Figure 4. Time-frequency resources for retransmission
However, for this alignment, the gNB scheduling restriction or shortened CB size may be required and the BLER can be degraded. Further, it is unclear how often such alignment will be practically possible and in many cases (e.g. errors occurring due to channel variations), it will be unnecessary. Therefore, CBG alignment with symbol(s) needs further study.
Proposal 4: Time-frequency resources for CBG-based retransmission can be flexible. 
3 Conclusions
In this contribution, scheduling for CBG-based retransmission was discussed. It can be summarized as below.
Observation 1: Sub-sequent transmission before the gNB receives HARQ-ACK feedback does not bring performance gain for eMBB packet transmission.
Proposal 1: Consider Alt 1 and Alt 2 for CBG indication in retransmission.
Proposal 2: Consider CBG-based retransmission based on HARQ-ACK feedback when the HARQ-ACK codebook includes CRC; otherwise, consider CBG transmission indication in the DCI format.
Proposal 3: Sub-sequent transmission before receiving HARQ-ACK feedback needs further study, especially in perspective of performance gain, gNB and UE implementation complexity.
Proposal 4: Time-frequency resources for CBG-based retransmission can be flexible.
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Annex: Evaluation assumptions

System level simulation is performed under indoor hotspot scenario. The 6 TRPs layout of indoor hotspot is given in Figure 1. 
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Figure 5:
TRP placement in indoor hotspot scenario

For HARQ combining, it is assumed that an eMBB UE is able to know whether and where URLLC transmission is occurred in the previous transmission (e.g. by URLLC arrival indication) so that the UE does not combine CB(s) in retransmission with the CB(s) which was punctured by URLLC in the previous transmission. That is, the UE needs to flush out the CB(s) punctured due to URLLC transmission and then decode only retransmitted CB(s). On the other hand, CB(s) which was failed to decode due to others except URLLC transmission (e.g. due to worse channel condition) can be combined with retransmitted CB(s). 

Performance evaluations of CBG-based retransmission before/after reception of HARQ-ACK feedback in this contribution are performed by using the following evaluation assumptions. Remaining detailed evaluation environments are provided in the following table.
Table 1: Evaluation assumptions

	Parameter
	Assumptions

	Layout
	Indoor hotspot (6 TRPs per 120m x 50m)

	System bandwidth
	10 MHz

	Carrier frequency 
	4 GHz

	Inter-site distance
	20 m

	Total BS TX power
	24 dBm

	RS and control 

signaling overhead
	· CRS: 1 Tx antenna ports assumed

· Legacy PDCCH: 3 OFDM symbols

	Minimum HARQ RTT
	After reception of HARQ-ACK feedback: 8 TTI
Before reception of HARQ-ACK feedback: 1 TTI

	Scheduler
	Proportional fair

	Distance-dependent 

path loss
	5GCM InH - Office [referring to Table 7.4.1-1 in TR38.900], with 3D distance between an gNB and a UE

	Shadowing
	5GCM InH – Office [referring to Table 7.4.1-1 in 38.900], with 3D distance for shadowing correlation distance

	Indoor BS antenna radiation pattern
	Omni-directional 

	BS antenna Height
	3 m

	UE antenna Height
	1.5 m

	BS antenna 

element gain pattern
	According to TR36.873

	Antenna gain of UE
	0 dBi

	Fast fading channel between gNB and UE
	5GCM InH – Office according to Table A.1-1 of 36.819

	Antenna configuration
	 1Tx(gNB), 2Rx(eMBB UE)

	Number of eMBB UEs 
	10 UEs per indoor cell

	eMBB UE dropping
	Randomly and uniformly dropped throughout the indoor hotspot geographical area

	CSI report period
	5 TTIs/ms between two consecutive reports

	CSI report delay
	6 TTIs/ms

	eMBB UE receiver
	MMSE-IRC

	eMBB UE noise figure
	9 dB

	eMBB UE speed
	3 km/h

	Duplex mode
	FDD

	Network synchronization
	Synchronized

	Performance metrics
	Mean, 5%, 50% and 95% user perceived throughput

	eMBB traffic model
	FTP model 3 with packet size 0.1 Mbytes
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