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1
Introduction
This document is the report of the following email discussion:

· [POST113bis-e][505][R17 IIoT]  URLLC in UCE (LG)

Scope: 

· Discuss remaining open issues related to URLLC in UCE based on inputs submitted to 8.5.3.

· Agreeable Proposals


Deadline: same as submission deadline
Note that the INACTIVE period is 28/April – 5/May. 
2
Contact Information
Please enter the contact information in the following table:
	Company
	Name (Email Address)

	LG
	SunYoung LEE (ssunyoung.lee@lge.com)

	Ericsson
	Zhenhua Zou (zhenhua.zou@ericsson.com)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


3
Prioritization of retransmission over initial transmission

In RAN2#113 e-mail discussion 505 [R2-2102087], it was discussed whether to prioritize retransmission over initial transmission on a CG by taking the LCH priority into account if cg-RetransmissionTimer and lch-basedPrioritization are configured, which was left as FFS:
4. FFS With cg-RetransmissionTimer and LCH-based prioritization configured, the MAC entity can prioritize between initial transmissions and retransmissions on a CG based on priority of multiplexed LCH(s) -or to be multiplexed


Despite of support from majority companies (17/22) to prioritize between initial transmission and retransmission by taking LCH priority into account, it was left as FFS due to different understanding of the problematic cases and/or specification impact.
Case1:  Between different but overlapping CG configurations
Case1 is that autonomous retransmission due to LBT failure on a CG (blue box) collies with an initial transmission of higher priority data on different but overlapping CG (green box). In [8], it is proposed to prioritize the initial transmission of higher priority data (green box) in this case. In the meanwhile, in [2][9], it is explained that prioritizing the initial transmission of higher priority data for different but overlapping CGs is already supported by intra-UE prioritization.

[image: image1]
Figure 1. Case1 when low priority data is mapped to CG1 while high priority data is mapped to CG2
Question 1: (1) Do companies agree that, for overlapping CGs, the MAC entity should prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data? If Yes, (2) do companies agree that it is already supported?
	Company
	(1) Yes/No
	(2) If yes, do companies agree that it is already supported?
	Comment

	Ericsson
	Yes
	Yes
	A more general statement is that “for overlapping CGs, the MAC entity shall prioritize the CG with a higher priority data, regardless if it is an initial transmission or a retransmission. “

As was discussed in the Rel-16 IIoT correction, one should read the MAC spec sequentially in each subclause. The procedure text, “The UE shall prioritize retransmissions before initial transmissions.”, applies for each individual configured grant. To sum up, the grant prioritization between overlapping grants is after the prioritization within one CG. 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Case2: Within a singles CG configuration
Case2 is that, for a single CG configuration, an uplink data arrives and its priority is higher than that of a MAC PDU waiting for autonomous retransmission. 


[image: image2]
It is proposed, in [1][3][5][12][14][15][17], that an initial transmission of higher priority data should be prioritized over autonomous retransmission of lower priority data. It is concerned that lower priority data delays higher priority data while they are assigned to the same CG configuration.
It is argued in [6][9][13][16] that the network would not assign logical channels having different QoS to the same CG configuration, hence intra-UE prioritization within the single CG configuration is considered as a unnecessary optimization. Also, it is pointed out in [2] that, even for Rel-16 IIOT, the MAC entity transmits lower priority of deprioritized data on the next available CG with the same HARQ process regardless of whether higher priority of new data arrives or not. It is concerned in [9] that prioritizing initial transmission or autonomous retransmission within the same CG configuration confuses the network regarding proper configuration configuredGrantTimer and cg-RetransmissionTimer. In addition, [9] raises an issue that lower priority data may be a MAC PDU containing only MAC CE(s) and loss of such data is not desirable because it can be recovered neither by the UE nor by the network. Similarly, in [3], it is further proposed not to prioritize if the transmission is for a UCI-only MAC PDU.
Question 2: Do companies agree that, within a single CG configuration, the MAC entity should be able to prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data? 
	Company
	Agree

/Disgaree
	Comment


	Ericsson
	Disagree
	We understand it might be useful to prioritize between high and low priority data, but we don’t see the need for this spec enhancement, since the intended behaviour is already supported by Rel-16 IIoT features with a proper network configuration, i.e., the network configures multiple CGs and configures LCP restrictions with allowedCG-List so that only URLLC traffic can be transmitted on some CGs. 

In addition to specifying an already supported feature, the concern is that this seemingly simple extension may lead to further discussion and specification complexity, as email discussion rapporteur summarized above. 

We have noticed some arguments in the submitted papers against our position but identified issues can be solved by configuring multiple CGs (and each CG is configured with uplink skipping) with the help of the two timers: configuredGrantTimer and cg-RetransmissionTimer. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


In [6][10], it is proposed not to introduce prioritization between initial transmissions and re-transmissions on the same CG configuration based on priority of multiplexed LCH(s) or LCH(s) to be multiplexed in Rel-17, i.e., leave it up to UE implementation which to prioritize. Contrary, in [4], it is proposed that network can control the selection rule for a CG, e.g. the retransmission is prioritized, or the initial transmission is prioritized, or the transmission with highest LCH priority is prioritized.
Question 3: If the MAC entity should be able to prioritize the initial transmission of higher priority data over autonomous retransmission of lower priority data for a single CG configuration, which solution do companies prefer?

· Option1. The UE always prioritizes initial transmission of higher priority data over autonomous retransmission of lower priority. 
· Option 2. It is UE implementation which transmission is to be prioritized [6][10]
· Option 3. The network configures prioritization rule, i.e., the retransmission is prioritized, or the initial transmission is prioritized, or the transmission with highest LCH priority is prioritized [4]
· Option 3a. The network configures which prioritization rule to follow, i.e., Rel-16 rule (the retransmission is always prioritized) or Rel-17 rule (the transmission with highest LCH priority is prioritized)
	 Company
	Option 1/2/3
	Comment

	Ericsson
	Option 3a
	If this were to be agreed, then, as always, there would be a need for new capability and RRC configuration parameter for NBC concerns. The argument for this enhancement is to have a deterministic UE behaviour to support prioritization between initial tx and reTx, but option 2 cannot achieve this purpose.  For option 3, we believe most of the proponent for this enhancement do not mean to prioritize always “initial tx”.  

Note the difference between option 3a and option 3 is that option 3a does not include “the initial transmission is prioritized”.  

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


4
HARQ sharing and lch-basedPrioritization
So far, RAN2 agreed the following combinations:
1) When cg-RetransmissionTimer is configured, HARQ processes sharing between multiple CGs are allowed (RAN2#112)

2) When cg-RetransmissionTimer is not configured, HARQ processes sharing between multiple CGs are not allowed. (RAN2#112)
3) lch-basedPrioritization and cg-RetransmissionTimer can be configured together in Rel-17 (RAN2#113)
In [9][13], it is proposed that when lch-basedPrioritization is configured, HARQ process is not shared between CG configurations in order to avoid mixture of CG selection mechanism from NR-U and IIOT, i.e., autonomous retransmission is allowed across different CG configurations whereas autonomous transmission is limited to the same CG configuration. Whether to have a specification restriction or rely on network implementation may need to be discussed further.
On the other hand, in [2], it is proposed to confirm that HARQ process sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured, i.e., even when lch-basedPrioritization is configured, as the benefit is foreseen in terms of latency.

· Option 1. HARQ process is not shared between CG configurations when lch-based Prioritization and cg-RetransmissionTimer are both configured [9][13]

· Option 2. HARQ process is shared between CG configurations when lch-based Prioritization and cg-RetransmissionTimer are both configured [2]
Question 4: When both of lch-based Prioritization and cg-RetransmissionTimer are configured, which option do companies prefer?
	Company
	Option 1 or 2
	Comment

	Ericsson
	Option 1
	As a matter of fact, we have discussed in an offline email discussion of the last meeting, but not concluded:

With cg-RetransmissionTimer configured, no enhancement is needed for CG selection for autonomous re-transmissions, i.e. rely on the network to configure HARQ sharing for CG configurations that can meet the same type of services (16/22)
In general, we don’t see any benefits of HARQ process sharing between CGs configured together with lch-basedPrioritization. HARQ process sharing between CGs may only be suited for the same priority data, for which network would not configure lch-basedPrioritization.

If the network intends to configure different CGs with lch-basedPrioritization, it may configure LCP restriction so that URLLC traffic is restricted to some CGs with e.g., URLLC-level MCS value and non-URLLC traffic is restricted to some CGs with non-URLLC-level MCS value. It would be strange to configure HARQ process sharing so that the URLLC traffic is sent on a non-URLLC CG or the other way around. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


5
Harmonization operation
In this clause, we look into the issues in configuration of AutonomousTx and cg-RetransmissionTimer for the scenarios listed below:
	Scenario
	Description

	1
	UL grant is prioritized and LBT fails

	2
	UL grant is de-prioritized including the case where UL grant is de-prioritized by e.g., CI-RNTI


5.1
Scenario 1: UL grant is prioritized and LBT fails
Case 1. AutonomousTx is configured and cg-RetransmissionTimer is not configured
The MAC entity triggers a new transmission for the next available CG (when not filtered out by running configuredGrantTimer). Consequently, neither autonomous transmission nor autonomous retransmission is triggered [2]. 

Question 5: Do companies agree that the above operation is the correct understanding of the current specification?
	Company
	Agree/Disagree
	Comment

	Ericsson
	Agree
	LBT failure is not recovered as intended since the cg-ReTxTimer was not configured.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Case 2. AutonomousTx is not configured and cg-RetransmissionTimer is configured

The MAC entity changes the HARQ status to pending and does not start cg-RetransmissionTimer. The MAC entity triggers a retransmission for the next available CG. Consequently, autonomous retransmission is triggered [2]. 

Question 6: Do companies agree that the above operation is the correct understanding of the current specification?
	Company
	Agree/Disagree
	Comment

	Ericsson
	Agree in principle
	In the last meeting, RAN2 has the below common understanding
 R2-2104104
Clarification on HARQ status upon LBT failure
LG Electronics UK, Ericsson
discussion
TEI16

· [017] Noted 

· [017] RAN2 confirm that the HARQ process status remains in 'not pending' after LBT succeed once for a transmission of a TB on the HARQ process, even if LBT failure indication is received for a retransmission. No specification change needed.

We need to leave out the description on the HARQ process status regarding pending versus non-pending. In other words, it is not true that ”the MAC entity changes the HARQ status to pending and does not start cg-RetransmissionTimer”, but we agree that the autonomous retransmission is triggered due to cg-ReTxTimer expiry. 



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Case 3. AutonomousTx and cg-RetransmissionTimer are configured

Neither cg-RetransmissionTimer nor configuredGrantTimer is started. 

If configuredGrantTimer is already running, the configuredGrantTimer is kept running. As configuredGrantTimer is running, it means that the HARQ state was not pending and not changed. If configuredGrantTimer is not running, the HARQ state becomes or remains pending. As a result, the MAC entity triggers a retransmission for the next available CG. Accordingly, autonomous retransmission is triggered [2][7][16].

Question 7: Do companies agree that the above operation is the correct understanding of the current specification? 

	Company
	Agree/Disagree
	If Yes, which option do companies prefer

	Ericsson
	
	This is the same as the case 2, since the UL grant is not de-prioritized and whether AutoTx is configured or not (i.e., the difference between case 2 and case 3) does not change the behaviour. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


5.2
Scenario 2: UL grant is de-prioritized
Case 1. AutonomousTx is configured and cg-RetransmissionTimer is not configured
The MAC entity triggers a new transmission for the next available CG (when not filtered out by running configuredGrantTimer) [2]. Consequently, autonomous transmission is triggered. 

Question 6: Do companies agree that the above operation is the correct understanding of the current specification?
	Company
	Agree/Disagree
	Comment

	Ericsson
	Agree
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Case 2. AutonomousTx is not configured and cg-RetransmissionTimer is configured
In RAN2#113, it is agreed that: 
3. the MAC entity stops cg-RetransmissionTimer when the CG resource associated with the timer is deprioritized due to LCH-based prioritization.

Currently, configuredGrantTimer is stopped for the corresponding HARQ process if the deprioritized uplink grant is configured with autonomousTx. 

In scenario 2, the MAC entity triggers a retransmission for the next available CG because configuredGrantTimer is kept running [2][7]. This is not aligned with the RAN2 agreement that If AutoTx is not configured, deprioritized MAC PDU is not retransmitted. For this reason, the following options are proposed:

· Option1. Even if a CG is not configured with autonomousTx, the configuredGrantTimer is stopped when the associated CG is deprioritized [7]
· Option 2. If a CG is not configured with autonomousTx, the cg-RetransmissionTimer is not stopped when the associated CG is deprioritized [13]
· Option 3. If a CG is not configured with autonomousTx and the previous CG for the same HARQ process was deprioritized, it is routed to a new transmission [2]. The suggested Text Proposal is in the table below:

	1>
if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:

2>
set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

2>
if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured (i.e. new transmission):

3>
consider the NDI bit for the corresponding HARQ process to have been toggled;

3>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

2>
else if the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running, then for the corresponding HARQ process:

3>
if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a configured uplink which was deprioritized and autonomousTx is not configured; or
3>
if the configuredGrantTimer is not running, and the HARQ process is not pending (i.e. new transmission):

4>
consider the NDI bit to have been toggled;

4>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

3>
else if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a configured uplink grant which was not deprioritized (i.e. retransmission on configured grant):

4>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


Question 8: Which option should be considered? 
	Company
	Option 1/2/3 or 

No option necessary
	Comment

	Ericsson
	  Option 2
	Option 1 means that the next transmission is always a new transmission with a new MAC PDU and thus the data is flushed/lost.
Option 3 is a hack in the MAC spec to support AutoTx, which obviously is not wanted by the network configuration in this case/scenario. 

Option 2 aligns with the principle of the agreement from the last meeting, and we don’t see any issues following this. The cg-ReTxTimer is kept running and upon its expiry, the MAC PDU is retransmitted by NR-U approach.  The previous agreement can be refined to that 

“If AutoTx is not configured, deprioritized MAC PDU is not retransmitted by the IIoT autonomous tx approach but may still be retransmitted by NR-U approach due to cg-ReTxTimer expiry”.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Case 3. AutonomousTx and cg-RetransmissionTimer are configured

Neither configuredGrantTimer nor cg-RetransmissionTimer is started, or both timers are stopped, if running. The HARQ state is not changed. 

If HARQ state is not pending and a CG is de-prioritized, the MAC entity triggers a new transmission for the next available CG [2][4][7][16]. However, there are different understanding of the current specification in detailed HARQ operation.

· Option 1. In HARQ operation, the MAC entity performs autonomous transmission [2][16]. 

· Option 2. In HARQ operation, the MAC entity obtains a new MAC PDU and autonomous transmission is not possible [4][7]. Some solutions may be needed, e.g., not stopping configuredGrantTimer. 

Question 10: Which option is the correct understanding of the current specification? 
	Company
	Option 1 or 2
	Comment

	Ericsson
	It depends on whether the obtained MAC PDU has been completely performed one time before
	The AutoTx is modelled as below, in particular the yellow highlights.

3>
else if this uplink grant is a configured grant configured with autonomousTx; and

3>
if the previous configured uplink grant, in the BWP, for this HARQ process was not prioritized; and

3>
if a MAC PDU had already been obtained for this HARQ process; and

3>
if the uplink grant size matches with size of the obtained MAC PDU; and

3>
if none of PUSCH transmission(s) of the obtained MAC PDU has been completely performed:
4>
consider the MAC PDU has been obtained.

If there has been one completely performed transmission on this HARQ process, then it is option 2. This case can happen, for example, for the third transmission of a MAC PDU, if in the first transmission, the MAC PDU was prioritized and LBT was successful, and in the second transmission, the MAC PDU was de-prioritized. In this case, the new transmission branch would not consider the MAC PDU as obtained and would obtain a new MAC PDU and thus, the option 2.  

If none of the PUSCH has been completely performed, then it is option 1. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


If the HARQ state is pending due to previous LBT failure and a CG is de-prioritized, the MAC entity triggers a retransmission at the next available CG. Accordingly, autonomous retransmission is triggered, which is not aligned with the agreement in RAN2#113 that AutoTx and CGRT are responsible for deprioritized MAC PDU and LBT-failed MAC PDU, respectively. For this reason, it is proposed in [13] to consider the HARQ process as not pending so that the MAC entity triggers a new transmission and performs autonomous transmission. 

Question 11: Do companies agree that the HARQ process should be considered as not pending if CG is de-prioritized while the HARQ state is pending? 
	Company
	Agree/Disagree
	Comment

	Ericsson
	Disagree
	If the HARQ process is pending, then the network is not aware of this transmission at all and if the retransmission on a later CG is de-prioritized (e.g., cancelled before transmission), then the network for sure cannot be aware. If changed to non-pending (i.e., meaning to start cgTxTimer), then there could be a risk that the data might be flushed/lost eventually. This is not in align with NR-U principle that starting cgTxTimer only if it is possible for the network to detect the uplink transmission (e.g., at least after one LBT success). 

In other words, pending status can be interpreted as that “pending = only when MAC PDU has never been transmitted on the air (e.g., for the initial transmission, LBT failure or the grant is cancelled due to de-prioritization).“

It is also our understanding that if the HARQ transmission is performed with LBT success but not completely performed (due to pre-emption of another high priority transmission coming later), the HARQ process would be changed to non-pending according to the MAC spec. In this case, the network can detect energy on the pre-empted uplink transmission and is aware of the transmission.

Additionally, one can understand that this does not contradict to the previous agreement, since the CGRT method continues to be responsible for the LBT-failure that rendered the HARQ process pending, and this is not interrupted by de-prioritization.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


6
HARQ process ID selection

In RAN2#112, it was agreed:

3
When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.

4
When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.


RAN1 is currently discussing how to enable/disable CG-UCI, i.e., configurable depending on RRC parameters or always enabled. Given that HARQ process ID selection is impacted by CG-UCI, it was discussed further in RAN2#113-e how to select HARQ process ID and RV when cg-RetransmissionTimer is not configured, where no agreement was made. 

At that time, half of companies (11/22) prefer Option 3, i.e., no enhancements needed, i.e., if cg-RetransmissionTimer is not configured, the UE uses the existing formula to determine the HARQ PID according to timing of the CG occasion, while there were some support to wait for RAN1 decision (8/22). The options provided in RAN2#113bis-e are listed below:

· Option 1. If cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism is used for HARQ process ID, i.e., confirm the RAN2 agreement in RAN2#112e [2]

· Option 2. Wait for RAN1 conclusion [9]
· Option 3. If cg-RetransmissionTimer is not configured and CG-UCI is not configured, Rel-16 URLLC mechanism is used for HARQ process ID [1][5]
Question 12: When cg-RetransmissionTimer is not configured, which option do companies prefer for HARQ process ID selection?
	Company
	Preferred option
	Comment

	Ericsson
	Suppose cg-ReTxTimer is not configured. If CG-UCI is not supported, then option 3.

Whether CG-UCI is supported is up to RAN1, i.e., option 2.
	To clarify our position, if cg-ReTxTimer is not configured (i.e., very rare LBT failure in UCE), there is no need to signal the HARQ process ID and RV selection in the UL by the UE. All can be relied on the HARQ formula and the pre-configuration of the RV. In other words, the Rel-16 URLLC mechanism is sufficient.

The question is whether, on top of it, NR-U mechanism can be additionally supported. From RAN2 point of view, we don’t see the need. If RAN1 decides to support CG-UCI and it can indicate HARQ process ID and RV, RAN1 can indicate this to RAN2 and RAN2 can update the configuration in MAC/RRC. Nothing is broken if RAN1 does not support CG-UCI and so at this point, RAN2 can agree on option 3 as the baseline and finish this discussion from RAN2 point of view. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


7
Other issues
If companies have any other issues that should be discussed in this e-mail discussion, please fill that in the table below: 
	Company
	Tdoc Number
	Issue
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