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1	Introduction
[bookmark: _Ref178064866]In Error! Reference source not found., RAN2 reached the following agreements regarding XR-specific power saving:
· 1. 	RAN2 discuss whether additional traffic or QoS related information on downlink traffic beyond what has been agreed by SA2 needs to be provided to RAN for UE power savings.
· 2. 	RAN2 study what traffic and QoS related information on uplink traffic (e.g. counterpart of what has been agreed by SA2) should be provided to RAN for UE power savings and how the information may be provided to RAN.

In this paper we first briefly discuss the downlink traffic information needed by RAN and then we focus on uplink traffic: (i) uplink power saving enhancements and (ii) what traffic information is needed in the uplink. 
2	Discussion on UL and DL traffic information for power saving
2.1 Discussion on DL traffic information for power saving
The following information about downlink traffic is useful for RAN to configure existing or enhanced power saving features:
· traffic periodicity (generation rate) and periodicity changes for each application traffic flow: This is information is useful to match the C-DRX cycle length to it and thus limit the delay. If the traffic periodicity is not already a supported DRX cycle length, as for e.g., video traffic with non-integer periodicities, a useful C-DRX enhancement based on it is to match the cycles with these non-integer traffic periodicities. Furthermore, having knowledge about all periodicities of all traffic flows allows for better configurations of existing DRX features (e.g. DRX cycle length as minimum/mean periodicity over all flows), or enhancing DRX features like multiple simultaneous DRX configurations.  
· PDU Set jitter information, e.g. range, per application flow: This information can be used by the RAN to, e.g., configure a suitable drx-onDurationTimer value and offset of the DRX cycle, so that the traffic delay is limited.  
· delay budget (PDB) of the PDU Set for radio interface, per application flow: This information can be used to select suitable DRX periodicities that enable fulfilling the delay requirements for a given flow. Furthermore, knowing this information for all XR traffic flows can be used to simplify the selection of DRX parameter values, e.g., configure and align DRX solely according to the most constrained traffic flow, if the PDB requirements of other flows are anyway a lot more relaxed and thus met. Otherwise, if several flows have tight PDB values, this knowledge can be used by NW for DRX enhancements like configuring multiple simultaneous DRX configurations, each matching a traffic flow.
· PDU Set sequence number in each constituent PDU and the PDU Set size: can be used by the RAN to determine the end, i.e. last constituent PDU, of a PDU Set. Based on this information, the RAN can, for example, decide that all the traffic expected in a given DRX cycle has been transmitted to the UE and a subsequent DRX command MAC CE or PDCCH skipping indication can be sent to allow the UE to not monitor the PDCCH until the next DRX cycle. Furthermore, the PDU Set sequence number and size are useful not only to determine the end of a PDU Set, but also for capacity enhancements, as we discuss in our contribution [4].

[bookmark: _Toc117868648][bookmark: _Toc118443139]In order to enhance and/or configure C-DRX power saving features, the RAN needs per-XR flow information in the downlink: 
- traffic periodicity and periodicity changes; 
- PDU Set jitter information; 
- delay budget or remaining PDB of the PDU Set for radio interface; 
- PDU Set sequence number carried in each constituent PDU; and
- PDU Set size.

SA2 has concluded in [5] that most of the information above should be provided to the RAN. However, there is no clear agreement about signaling traffic periodicity changes and the PDU Set size.
[bookmark: _Toc118443140]For downlink traffic, RAN also needs traffic periodicity changes per application traffic flow and the PDU Set size, in addition to the information that SA2 has already agreed on for UE power saving features.

2.2 Discussion on power saving enhancements for uplink retransmissions
In RAN1 #110bis-e [2], the following agreement was made:
Conclusion
“Retransmission-less CG for UL pose transmission (Item 3.3-5)” is a RAN2 issue, leave the discussion to RAN2, RAN1 does not further investigate the issue. 
    ·Note: how to capture evaluation results and findings will be separately discussed.”
For further clarification, Item 3.3-5 is described in [3]: 
Item 3.3-5: Retransmission-less CG for UL pose transmission
[Qualcomm] proposed to disable the retransmission for CG for UL pose information. Due to the small packet size and throughput contribution of UL pose, conservative MCS can be configured to successfully transmit the UL pose by first transmission at no cost of overall capacity loss. For FR1, high load, joint DL and UL VR 30Mbps in Dense Urban environment, disabling the retransmission avoids PDCCH monitoring for retransmission and provides an average power saving gain of 20.0% w.r.t. to AlwaysOn and an average power saving gain of 18.2% w.r.t. CG with retransmission without capacity loss. Only upper layer design is involved for retransmission-less CG.
First, we note that there will never be a “disable retransmission” signalled to a UE because in the case of state mismatch between the UE and the gNB, we always want the UE to do what a grant or an assignment tells it to do. That is, the UE can never assume that there will not be a retransmission until it gets a grant or an assignment for new transmission on that HARQ process.
What RAN1 intended, with their stumbling into RAN2 territory, is that it may be beneficial to enable the UE to not monitor the PDCCH for retransmissions (but of course if the UE is in Active Timer for any other reason, for example some other DRX timer running, then the UE must do what a grant or assignment tells it to do).
Instead of fully disabling retransmissions in the UL for all transmissions of a CG, we propose a more flexible way to handle retransmissions in UL to save power. When DRX is configured, PDCCH monitoring for re-transmissions may be governed by specific timers in the uplink, drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL. In general, XR services have a tight PDB. This PDB should be per PDU Set as all the IP packets belonging to the same PDU Set must be delivered within the PDB. However, these IP packets may arrive at slightly different time moments, and they will be queued a different period of time depending on the network load, scheduling decisions, or TDD pattern. This results in that each individual IP packet in the PDU Set will have a different “PDB left”. The network may decide to perform retransmissions, if needed, or not, taking into consideration the “PDB left”. 
The problem resides in that, once the DRX retransmission timers are configured, the UE always monitors the PDCCH, per HARQ process, according to the configuration, even if a retransmission is not needed. This results in a waste of UE battery power.   
A simple solution would be to indicate the maximum number of retransmissions; however, this is a suboptimal solution since the UE will anyway monitor the PDCCH for retransmissions, even if a retransmission does not occur. There may also be cases in which the PDB left allows for retransmissions, and in such case, the retransmissions should not be limited by a hardcoded number but by the “PDB left”. A solution in which the network dynamically indicates if the UE should monitor or not for retransmissions is preferred. If the NW indicates to the UE to not monitor the PDCCH for retransmissions, then the UE would not start the DRX retransmission timers. 

[bookmark: _Toc115269957][bookmark: _Toc117868661][bookmark: _Toc118443141]Introduce a mechanism in which the NW can dynamically indicate to not monitor PDCCH for retransmissions (e.g. by not starting the DRX retransmissions timers) for a given HARQ process.

2.3 Information on UL traffic for power saving
In this section we discuss information about uplink traffic that can be used to save UE power. In Section 2.2 we proposed retransmission timer enhancements where the RAN can dynamically indicate to not monitor PDCCH for retransmissions (e.g. by not starting the DRX retransmissions timers) for a given HARQ process. For this, it is useful that the NW receives PDU Set delay information provided with BSR, to help the RAN decide whether to indicate to the UE to monitor PDCCH for retransmissions or not. The delay information provided together with BSR is also useful for capacity enhancements, as we discuss in our contribution [6].
[bookmark: _Toc118443142]Delay information per PDU Set should be provided in the uplink together with BSR.
Note that other information about uplink traffic can also be useful for RAN. For instance, the periodicity and periodicity changes of uplink traffic flows with small data sizes (e.g. pose) are useful for configuring, e.g., CG for such flows. However, note that this has primarily scheduling implications and affects power saving aspects indirectly.
[bookmark: _Toc118443143]The traffic periodicity and periodicity changes per uplink application flow should be provided.

SA2 has already made an interim conclusion in [5] on providing the periodicity for both DL and UL traffic flows: “by re-using/extending the TSCAI/TSCAC definitions”. However, there is no explicit conclusion on how to signal periodicity changes. In the uplink, the RAN can be informed about periodicity changes, e.g. due to application rate adaptation, via RRC signalling. 
[bookmark: _Toc118443144]Introduce mechanisms to handle periodicity changes in uplink traffic.


4 Text proposal for TR 38.835
[bookmark: _Toc117868662][bookmark: _Toc118443145]Adopt the text proposal below for Section 5.2.2 of TR 38.835.

“Introducing a mechanism in which the network can dynamically indicate to not monitor PDCCH for retransmissions (e.g. by not starting the DRX retransmissions timers) for a given HARQ process may be useful to save power.”



[bookmark: _Toc70424553][bookmark: _Ref189046994]5 Conclusion
In the previous sections we made the following observations: 
Observation 1	In order to enhance and/or configure C-DRX power saving features, the RAN needs per-XR flow information in the downlink:  - traffic periodicity and periodicity changes;  - PDU Set jitter information;  - delay budget or remaining PDB of the PDU Set for radio interface;  - PDU Set sequence number carried in each constituent PDU; and - PDU Set size.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For downlink traffic, RAN also needs traffic periodicity changes per application traffic flow and the PDU Set size, in addition to the information that SA2 has already agreed on for UE power saving features.
Proposal 2	Introduce a mechanism in which the NW can dynamically indicate to not monitor PDCCH for retransmissions (e.g. by not starting the DRX retransmissions timers) for a given HARQ process.
Proposal 3	Delay information per PDU Set should be provided in the uplink together with BSR.
Proposal 4	The traffic periodicity and periodicity changes per uplink application flow should be provided.
Proposal 5	Introduce mechanisms to handle periodicity changes in uplink traffic.
Proposal 6	Adopt the text proposal below for Section 5.2.2 of TR 38.835.
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