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1 
Introduction


In RAN2#113 meeting, RAN2 discussed four options to harmonize the retransmission mechanisms for IIOT operating on unlicensed spectrum and agreed on option1, which is 

Option 1. AutoTx and CGRT are responsible for deprioritized MAC PDU and LBT-failed MAC PDU, respectively. 
If CGRT is not configured, LBT-failed MAC PDU is not retransmitted. If AutoTx is not configured, deprioritized MAC PDU is not retransmitted
Further, RAN2 agreed that LBT failure is not considered when determining a grant priority for intra-UE prioritization. 
In this paper, we look into the remaining issues based on the Post e-mail discussion [505]. 

2
Discussion

Issue 1. Prioritization of initial transmission over new transmission for overlapped CG
The issue1 is to address Proposal 2 in the e-mail discussion 505, Proposal 2: RAN2 further discuss whether Proposal 1 is supported by the current specification or not. 
The relevant part is copied from Clause 5.4.1 of TS38.321.
	For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.


One issue was whether the above statement is applied across CG. When one ask the above statement is applied across CG or not, there seems to be two different questions mixed: 

1> whether the retransmission is prioritized even when different CG configuration is used for retransmission

2> whether the retransmission is prioritized by the above statement if one CG is to be used for retransmission, the other CG is to be used for initial transmission, and they are overlapped

For the first question, the answer is Yes. There is no condition to prioritize retransmission only when the retransmission is on the same CG configuration as the initial transmission. Even when retransmission is performed on a CG configuration which is different from one used for the initial transmission (i.e., while HARQ sharing is used), the retransmission shall be prioritized, i.e., for a CG occasion, the UE assigns a HARQ process which is to be used for retransmission.
For the second question, the answer is No. The above statement is for HPID determination for each CG occasion. The prioritization between two different CG occasions are subject to intra-UE prioritization if lch-basedPrioritization is configured. Note that, in this sense, we have NOTE 7 which allows for the UE select one of the CGs when they are overlapped in case lch-basedPrioritization is not configured.
Observation 1: In HPID determination is applied to each CG occasion. For each CG occasion, the MAC entity shall prioritize retransmission over initial transmission regardless of whether the retransmission is performed by using a CG configuration which is the same or different to the CG used for initial transmission.
Next, we need to clarify the order of HPID determination and intra-UE prioritization. 

The above statement is to specify the UE behaviour for HPID determination. From the specification, it is very clear that the first thing that the MAC does for each CG occasion is to set the HARQ Process ID. After HPID determination for each CG occasion, the MAC performs intra-UE prioritization between two CG occasions if they are overlapped, which is specified below NOTE5 of Clause 5.4.1. 

Observation 2: After setting HPID for each CG, i.e., HPID determination, the MAC entity performs intra-UE prioritization by comparing LCH priority of each CG occasion. 

With these observations in mind, an example is shown below to describe our understanding. Assume that transmission on CG1 using HPID1 is not successful due to LBT failure, and HPID 1 and HPID 2 are shared for CG configuration 1 and 2.
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It is not specified in NR which uplink grant should be processed first, but it is our understanding from LTE that the order in which the grants are processed is left up to UE implementation. It means that, the UE may process the CG 1 prior to CG2 or vice versa. In either way, the UE will set the HPID of first processed CG to HPID1 because retransmission shall be prioritized, and then the UE will set the HPID of the later processed CG to HPID2 because HPID1 is already assigned to the first processed CG. This is the end of the HPID determination step. After setting HPID to each of the CGs, the UE will compare priority of CG1 and CG2, which is intra-UE prioritization. If LCH priority of initial transmission is higher than that of retransmision, the CG associated with the HPID for initial transmission will be prioritized. If LCH priority of initial transmission is lower than that of retransmision, the CG ssociated with the HPID for initial transmission will be de-prioritized. 
In summary, prioritizing retransmission over initial transmission for each CG occasion is under HPID determination while prioritization based on LCH priority is under intra-UE prioritization, and HPID determination is clearly prior to intra-UE prioritization. Therefore, prioritizing initial transmission based on higher priority for overlapped CGs is already possible from the current specification.
Proposal 1: No specification change is required to support the prioritization of the initial transmission of higher priority data over autonomous retransmission of lower priority data for the case where CG occasions are overlapped and both of cg-RetransmissionTimer and lch-basedPrioritization are configured. 

It is suggested in the e-mail discussion to clarify that the current statement "The UE shall prioritize retransmissions before initial transmissions" is only for the case when lch-based prioritization is not configured. However, this clarification actually does not change any UE behaviour because prioritization of a CG to be used for higher priority data transmission (including initial transmission) over another CG to be used for lower priority data transmission (including autonomous retransmission) is done by intra-UE prioritization mechanism, i.e., not by HPID determination. Thus, there is no change required.
Issue 2. Prioritization of initial transmission over new transmission for a single CG configuration
The issue2 is to address Proposal 3 in the e-mail discussion 505, Proposal 3: When cg-RetransmissionTimer and lch-basedPrioritization are configured, RAN2 further discuss whether the MAC entity should be able to prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data within a single CG configuration. 
Basically, there is a mechanism that the network assigns different logical channels to different CGs. By mapping a higher priority logical channel to a separate CG configuration, a latency of initial transmission of higher priority data can be avoided. Therefore, if multiple logical channels are assigned to the single CG configuration, the intent of the network would be not to differentiate those logical channels.  It is a strange approach that the network simply ignores a change of proper configuration and then a new UE behaviour is introduced to cope with it.
Proposal 2: No new UE behaviour is to be defined for the case where the network configures that multiple logical channels having different priorities are assigned to the same CG configuration.
Issue 3. Retransmission of de-prioritized UL grant while AutonomousTx is not configured and cg-RetransmissionTimer is configured
The issue3 is to address Proposal 10 in the e-mail discussion 505, Proposal 10 : RAN2 further discuss whether option 2 or no option is needed if UL grant is de-prioritized while AutonomousTx is not configured and cg-RetransmissionTimer is configured.
When the uplink grant is de-prioritized while AutonomousTx is not configured and cg-RetransmissionTimer is configured, the current MAC behaviour is to trigger autonomous retransmission because configuredGrantTimer is not stopped but cg-RetransmissionTimer is stopped. There were different understanding on the option1 agreed in RAN2#113: 
Option 1: AutoTx and CGRT are responsible for deprioritized MAC PDU and LBT-failed MAC PDU, respectively.  If CGRT is not configured, LBT-failed MAC PDU is not retransmitted. If AutoTx is not configured, deprioritized MAC PDU is not retransmitted
It is argued from one side that any kind of retransmission by UE itself should not be allowed. In order to allow neither autonomous retransmission nor autonomous transmission, it was proposed to route the CG to a new transmission if the CG is not configured with AutonomousTx, where autonomous transmission is finally not performed because AutonomousTx is not configured (option 3 in Q9). Then, only the retransmission via dynamic scheduling is possible. However, it was least preferred. 
On the other hand, it is argued from other side that autonomous retransmission could be still possible via autonomous retransmission. However, in order not to optimize autonomous retransmission for the de-prioritized CG, it was proposed not to stop cg-RetransmissionTimer upon de-prioritization (option 2 in Q9) if CG is not configured with AutonomousTx. Autonomous retransmission would be still possible after expiry of cg-RetransmissionTimer given that cg-RetransmissionTimer would be generally shorter than configuredGrantTimer but the immediate retransmission is not possible. 
In the meanwhile, there was an option of doing nothing for this. It implies that autonomous retransmission will be triggered for de-prioritized MAC PDU but there is no harm for doing it because retransmission by dynamic scheduling is still possible. Alternatively, the network will configure AutonomousTx and lch-basedPrioritization together, which is up to network’s decision. 
Technically, either way works. However, option 2 is preferred because it would make the timer operation of cg-RetransmissionTimer and configuredGrantTimer more aligned when AutonomousTx is not configured, i.e., not to stop. The argument that it is not aligned with the last agreement is not so persuasive because, in our understanding, one of the intent of agreeing on option1 was to avoid optimization of cg-Retransmission to allow retransmission of de-prioritized MAC PDU if it is not allowed at all by the specification as it is. 
Proposal 3: If a CG is not configured with autonomousTx, the cg-RetransmissionTimer is not stopped when the associated CG is deprioritized. 
Issue 4. HARQ sharing
This section is to address Proposal 5 in the e-mail discussion 505, Proposal 5: When both of lch-based Prioritization and cg-RetransmissionTimer are configured, HARQ processes sharing between multiple CG configurations are allowed.
During e-mail discussion, it was discussed whether HARQ process should be shared or not when lch-basedPrioritization and cg-RetransmissionTimer are both configured. 

In Rel-16 IIOT, a single LCH is allowed to be mapped to multiple CG configurations (RAN2#107bis) in order to mitigate the periodicity misalignment between the TSN periodicity and CG periodicity. Then, in Rel-16 NR-U, it is agreed that a TB can be retransmitted by using a CG configuration different from one that used for initial transmission. The reason is to cope with LBT failure quickly. Due to HARQ buffer management, the separate HARQ process pool per CG configuration was considered as not suitable and RAN2 introduced HARQ sharing (RAN2#108).

In other words, multiple CG configurations without HARQ sharing is for fine support of periodic traffic whereas multiple CG configurations with HARQ sharing is for fast retransmission. To use CG resources for retransmission in IIOT, it should be carefully allocated by considering the periodicity of IIOT data, i.e., more CG resources should be allocated in-between the CG resource that are allocated aligned to the periodicity of IIOT data. We think it is not resource efficient. Unlike NR-U, IIOT assumes periodic traffic, where the gNB may be able to predict the existence of IIOT data to some extent. In this sense, dynamic retransmission would be an option than to provide more CG resource. 

On the other hand, if lch-basedPrioritization is configured, basically, LCHs having different priority would be assigned to different CG configurations. If different CG configurations are overlapped, the higher priority data will be prioritized based on intra-UE prioritization mechanism. If HARQ sharing is used in this case, there is a case that, for a CG occasion, a HPID is waiting for a retransmission of lower priority data while another HPID is waiting for a new transmission of higher priority data. As the UE will prioritize retransmission (applying the R16 NR-U mechanism to always prioritize retransmission), we could say intra-UE prioritization is not applied. If the intention is not to apply intra-UE prioritization for IIOT, there is a simple alternative that the LCHs having different priorities are mapped to the common CG configurations. 

As explained, we don’t think HARQ sharing is essential or necessary from IIOT perspective. 
Proposal 4: When lch-basedPrioritization and cg-RetransmissionTimer are both configured, HARQ process sharing is not used CG configurations.
3
Conclusion

It is discussed the remaining issues for Post e-mail [505] and proposed that:

Proposal 1: No specification change is required to support the prioritization of the initial transmission of higher priority data over autonomous retransmission of lower priority data for the case where CG occasions are overlapped and both of cg-RetransmissionTimer and lch-basedPrioritization are configured. 

Proposal 2: No new UE behaviour is to be defined for the case where the network configures that multiple logical channels having different priorities are assigned to the same CG configuration.

Proposal 3: If a CG is not configured with autonomousTx, the cg-RetransmissionTimer is not stopped when the associated CG is deprioritized. 

Proposal 4: When lch-basedPrioritization and cg-RetransmissionTimer are both configured, HARQ process sharing is not used CG configurations.
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