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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 based on RRC signaling configuration which is separate for DL and UL. In RAN1#89, RAN1 has made some progress on CBG construction, CBG-level HARQ-ACK feedback and DL control signaling. 
	· For grouping CB(s) into CBG(s), following is adopted.

· With indicated 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 indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling

· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.

· The difference of CB number per CBG between any two CBGs is either 0 or 1.

· FFS on the detailed rule for the CB grouping.

· Study further benefit and realization of non-uniform CB distribution across CBGs.

· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.



This contribution focuses on DCI design  and timing 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. 
2.1 CBG related information in DCI  

2.1.1 CBG transmission indication: Which CBG(s) is/are (re)transmitted
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. 
By Alt. 1, without explicit per-CBG indication, the mechanism to inform the number of CBGs is needed. One approach is RRC signaling configures the maximum number of CBGs and the number of CBGs as well as the number of CBs in a CBG changes according to TBS. Another approach is L1 signaling dynamically indicate the number of CBGs being independent of TBS, which can optimize spectral efficiency and dynamically control HARQ-ACK payload. 
For Alt 2, which CBGs is/are (re)transmitted is explicitly indicated by a dedicated bit field in DCI, i.e., 1 bit indication per CBG. The number of bits in DCI is semi-statically configured by gNB, for example according to the UE coverage [2]. For DL transmission, the number of bits in DCI determines the maximum number of CBGs for PDSCH transmission as well as the number of HARQ-ACK bits for PUCCH/PUSCH. For PUSCH transmissions, with asynchronous UL scheduling, the UL grant implicitly provides HARQ-ACK feedback for PUSCH and CBG scheduling information at the same time by these bits.  

The per-CBG indication bit design should be common for both DL and UL. For simplicity, pre-defined absolute value 0/1 can be defined for transmission and no transmission. Alternatively, toggling mechanism is applied like NDI in LTE. In case of initial transmission, the per-CBG indication bits for all CBGs are toggled compared to the per-CBG indication of previous initial transmission. With this setting, an initial transmission can be the per-CBG indication of all-zero or all-one. In case of retransmission, CBGs associated with untoggled NDIs are retransmitted (equivalent to NACK) and CBGs associated with toggled NDI are not retransmitted (equivalent to ACK), where the toggling is based on the per-CBG indication of its corresponding initial transmission. As mentioned above, the reference state for toggling is the bit value in initial transmission. Consequently, The bit map is not only capable of indicating which CBG(s) is/are transmitted, but also indicating the TB is a new TB or retransmitted TB. In other words, it takes place the function of existing TB NDI indication, thus reducing the DCI overhead compared with absolute value method. As shown in Figure 1, per-CBG indication with absolute value and with toggling is illustrated. One merit of multi-bit toggling for CBG indication can be observed when DCI in (d) is missing without TB-level NDI. Without TB-level NDI, the UE misunderstands DCI (e) as the retransmission of previous TB when per-CBG indication is used with absolute value. Therefore, by using toggling method for CBG indication, one-bit for TB-level NDI is not necessary so that 1 bit in DCI is reduced. 
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Figure 1. Illustration of per-CBG indication
Proposal 1: 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 2: For the case of CBG transmission indication in the DCI format, the bit map with toggling method should be supported to save the DCI overhead. 

2.1.2  Pre-emption indication: Which CBG(s) is/are handled differently for soft-buffer/HARQ combining

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. 
One agreed way to unify CBG-based retransmission and pre-emption indication is that a DCI scheduling the CBG-based retransmission includes a bit field of pre-emption indication having granularity of CBG. This bit field informs a UE of whether soft buffer corresponding to indicated CBGs are  handled differently for soft-buffer/HARQ combining. Usually, the granularity of indication can be coarse than the pre-empted time-frequency resource to save signaling. In that sense, UE may not have to flush the buffer for all CBs within the indicated CBG. Thus, the CB/CBG handling for soft buffer/HARQ-combining should be up for UE implementation [4]. 
The above pre-emption indication in DCI format as a bit field can be configured independently with CBG transmission indication in 2.1.1. Similarly, either absolute value or toggling method can be considered. The main issue of using absolute value is potential corruption of the buffer if UE miss detects one previous DL assignment. When UE fails to detect one DL assignment indicating the appearance of pre-emption (let’s assume 0 for pre-emption and 1 otherwise), gNB may not differentiate DTX or NACK in some cases, e.g., in CA. Then, gNB could schedule that CBG again and indicating HARQ combing by ‘1’, if there is no pre-emption in last PDSCH transmission. Consequently, UE is unaware of ever happened pre-emption and performs HARQ combing of currently received CBG with that in the soft buffer, because the pre-emption indication is ‘1’. For toggling method, the pre-emption is informed by toggling the bit compared with the last transmission, which avoids the aforementioned error case. If a UE is so unlucky to consecutively miss-detect the DL assignment twice and the same CBG is pre-empted in both instances, error case still exists. However, the probability of such error case would be very low. 

If the pre-emption information is conveyed by group-common PDCCH, the granularity of indication should be determined taking retransmission efficiency and DCI overhead into account [5]. 

Proposal 3: CBG handling for soft buffer/HARQ-combining is up for UE implementation, when UE receives the CBG handling related information..
Proposal 4: CBG handling indication bit adopts either absolute value or toggling method. 
2.1.3 RV indication

One issue for RV indication is whether per-CBG RV or TB-level RV is sufficient for CBG-based retransmission. Preemption-based multiplexing of different transmissions has primarily focused on the DL. However, preemption can also happen in the UL, for example due to resource collision or power limitation by a UE with multiple simultaneous transmissions [6]. Thus, CBG-based retransmission may be caused by pre-emption or poor SINR for both DL and UL. The proper RV for these two types of CBGs is different, e.g., RV=0 for pre-empted CBG and RV>0 for CBG retransmission due to poor SINR. When these two types CBGs are retransmitted in one PDSCH/PUSCH, TB-level RV indication applying to all CBGs can deteriorate HARQ combining gain. The performance degradation could be alleviated by using RV = 0 for pre-empted CBG(s) to ensure efficient systematic bits transmission while other CBG(s) follows the TB-level RV indication.  If per-CBG RV is adopted, separately optimized RV can be indicated for these two types CBGs. However, the DCI payload increases at least N bit, wherein N is the number of configured CBGs. The impact on DL coverage with increased DCI payload and potential gain by per-CBG RV indication needs further investigation. For a system with high likelihood of preemptions, CBG-based RV can be desirable. Otherwise, when preemptions are unlikely, considering the DCI overhead, TB-based RV is preferable. Therefore, a gNB should be able to configure whether RV is TB-based or CBG-based.  
Proposal 5: A gNB can configure whether DCI conveys CBG-level RV or TB-level RV. When gNB configures TB-level RV, RV for pre-empted CBG(s) is/are fixed as 0 while other CBG(s) follows the TB-level RV indication.

2.1.4 TBS indication

In LTE, TBS is determined by the number of allocated PRBs and the TBS index. MCS indexes 0~28 are applicable for initial transmission and for retransmission while MCS indexes 29~31 are applicable only for retransmission. For a retransmission by an MCS index 29~31, the TBS is the same as in the previous transmission for the same HARQ process. For retransmission by an MCS index 0~28, the same TBS as for the initial transmission is expected, while the TBS index can vary with the number of allocated PRBs and the modulation order can be changed for a desirable coding rate. 

For CBG-based retransmission, if the TBS indicated by DCI is same as for the initial transmission then, following the LTE TBS determination mechanism by using MCS index 0~28, it is difficult to adjust frequency resources (e.g., number of PRBs with same TTI length) according to the number of retransmitted CBGs while keeping a desirable modulation and coding rate because the number of transmitted bits could be much less than TBS. Enhancements of TBS indication for CBG-based retransmission are needed to solve this issue, e.g., using scaling factor or virtual TBS based on the number of bits in retransmission. Otherwise, the gNB can rely on MCS index 29~31 for CBG-based retransmission without the restriction on TBS indication. 

Proposal 6: TBS/MCS is separately determined for an initial TB transmission and for CBG-based retransmissions.
2.1.5 Support of two TBs MIMO 
It was agreed to support one codeword (TB) up to 4 layers and 2 codewords for more than 4 layer for NR MIMO. Similar to LTE, separate scheduling information for each TB is desirable, such as MCS and HARQ related information. 
With CBG-based (re)transmission, separate per-CBG indication (2.1.1 and 2.1.2) for each TB results in an excessively large DCI payload, e.g., 28 bits for per-CBG indication if 7 CBGs are configured. More seriously, If the DCI for both single TB and two TBs MIMO is the same, for most of the time, 14 bits are wasted because the probability of scheduling more than 4 layers is typically low.  

To reduce the DCI overhead, TB-common per-CBG indication can be considered. 

· Per-CBG transmission indication 
TB-common per-CBG transmission indication means the CBG with same index of two TBs are either transmitted or  not transmitted at the same time. On one hand, the transmission efficiency would be degraded, when correctly decoded CBGs for these two TBs are different due to quite independent channel fading over each TB. On the other hand, when gNB configures spatial bundling, TB-common indication is reasonable, because anyhow gNB only has knowledge of bundled HARQ-ACK of two TBs. It is noted, the TB-common indication applies to the enabled TB(s), and enabled/disabled TB indication still follows existing LTE mechanism, i.e., by MCS =0 and RV=1.   
· Per-CBG pre-emption indication 

TB-common per-CBG pre-emption indication means the CBG with same index of two TBs are pre-empted or not at the same time. PDSCHs of two TBs are mapped to the same time-frequency resource. Once some resources are pre-empted by URLLC, the resources of both TBs are punctured. It seems TB-common indication is sufficient. However, when the number of CBGs of two TBs are different, e.g., one CBGs of 1st TB and two CBGs of 2nd TB are retransmitted simultaneously,  if one symbol within the 2nd CBG of 2nd TB is punctured, the pre-empted CBG index is 1 for 1st TB while the index is 2 for 2nd TB. gNB indicates pre-emption for CBG 1 and CBG2 for both TBs, which may result in unnecessary buffer flushing. To improve the efficiency, TB-common indication can be defined for the reference TB scheduling a larger number of CBGs to target for a finer granularity for pre-emption indication. The CBG of the other TB overlapping with indicated CBG(s) is assumed to be pre-empted. Regarding how to handle soft buffer/HARQ-combining is up for UE implementation.
Another alternative to reduce the DCI overhead as well as reduce the HARQ-ACK feedback overhead is to keep the maximum number of CBGs per PDSCH transmission unchanged no matter one or two TBs are scheduled. For example, if the maximum number of CBGs is N, then, N/2 CBGs per TB if two TBs are scheduled or N CBGs per TB if only one TB is scheduled. All these N CBGs have independent per- CBG indication. Thus, the total bits of per-CBG indication is unchanged with number of TBs. 

Proposal 7: Support TB-common per-CBG indication or fixed maximum number of CBGs per PDSCH transmission regardless of whether one TB or two TBs are scheduled to reduce the DCI payload for 2 TBs MIMO. 
2.1.6 DCI format for CBG-based initial and retransmission 
DCI size can be different for TB-based retransmission and CBG-based retransmission, but same DCI size can be targeted for CBG-based initial transmission and retransmission to avoid additional blind decoding attempts. 

Furthermore, it may be considered whether to interpret DCI bit fields differently for initial transmission and retransmission. Some bit fields are only meaningful for initial transmission, such as TBS indication, and some bit fields are only needed for retransmission, such as the per-CBG bit map (including transmission and pre-emption bit). It seems more efficient to reuse one bit field for different purpose in initial and retransmission than reserve separate bit fields. The main concern is the potential mis-understanding of initial transmission between gNB and UE (e.g., gNB transmits DCI scheduling initial transmission, but UE misses the DCI. Then next transmitted DCI is for retransmission from gNB’s perspective, but for initial transmission from UE’s perspective). 
Proposal 8: Same DCI size can be targeted for CBG-based initial transmission and retransmission. 
2.2 Timing of CBG-based (re)transmission   

Sub-sequent transmission, i.e., CBG-based retransmission before the gNB receives HARQ-ACK feedback corresponding to the initially transmitted TB is proposed by some companies to further improve the retransmission efficiency. . 

However, according to SLS evaluation results shown below, the 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. The 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. 
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Figure 2. For low RU (RU of CBG-based retransmission after HARQ-A/N is 25%)
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Figure 3. For medium RU (RU of CBG-based retransmission after HARQ-A/N is 48%)
[image: image4.png]5%-UPT 50%-UPT 95%-UPT Average UPT
35 : : 35 : : 35 ‘ : 35 g :
30+ T 30r 4 30f 430
25+ 4 2sf 4 25t 42
Z20f 4 20t 4 20 420
%: 0%  05%
£
515+ 4 15¢ 415t 41
10+ 4 10t 4 10t 410
0%  15%
0%  19%
st 1 st E st g 5
0%  32%
0 N 0 NN 0 Y 0 NN
(\(\Pg“ \?\Pg‘ » \e\‘?g‘ \\ \e\?g“ o Q\?g"
&< é\o‘?' "&eﬂ é\o‘e %’(@& Ko‘e 28@" o®
P© T 6° P G © o g0 o
C o C o C oos ) s





Figure 4. For high RU (RU of CBG-based retransmission after HARQ-A/N is 80%)
Considering sub-sequent transmission leads to high UE implementation complexity, e.g., a UE needs to prepare for HARQ combining  for sub-sequent transmission so that the UE cannot have multiple pipelines for parallel processing, as well as  gNB scheduling complexity, it is undesirable to define new behavior to support sub-sequent transmission for the marginal gain.  

Proposal 9: Not support sub-sequent transmission before receiving HARQ-ACK feedback. 
3 Conclusions
In this contribution, scheduling for CBG-based retransmission was discussed. It can be summarized as below.
Proposal 1: 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 2: For the case of CBG transmission indication in the DCI format, the bit map with toggling method should be supported to save the DCI overhead. 

Proposal 3: CBG handling for soft buffer/HARQ-combining is up for UE implementation, when UE receives the CBG handling related information..
Proposal 4: CBG handling indication bit adopts either absolute value or toggling method. 
Proposal 5: A gNB can configure whether DCI conveys CBG-level RV or TB-level RV. When gNB configures TB-level RV, RV for pre-empted CBG(s) is/are fixed as 0 while other CBG(s) follows the TB-level RV indication.

Proposal 6: TBS/MCS is separately determined for an initial TB transmission and for CBG-based retransmissions.
Proposal 7: Support TB-common per-CBG indication or fixed maximum number of CBGs per PDSCH transmission regardless of whether one TB or two TBs are scheduled to reduce the DCI payload for 2 TBs MIMO.
Proposal 8: Same DCI size can be targeted for CBG-based initial transmission and retransmission. 
Proposal 9: Not support sub-sequent transmission before receiving HARQ-ACK feedback. 
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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 TB-based transmission and 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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