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Introduction
According to the description of Rel-18 study item on NR enhancements for XR [1], RAN2 should study how UE-power saving for XR services can be improved:
	2. Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.



During RAN2 #119e, the following agreements have been reached for the topics relating to power saving:
	RAN2 #119e Agreements
1: RAN2 to focus on the following issues for power saving, as well necessary parameters XR-awareness to support such enhancements, i.e.: 
-	DRX enhancements to address the issues of DRX cycle mismatch and jitter
-	Identify necessary parameters from CN for XR-awareness for power saving 
Enhancements to Rel-17 PDCCH adaptation can be discussed based on RAN1 feedback, if they have any RAN2 impact
RAN2-specific aspects can be studied based on contributions (e.g. multiple XR traffic flows with different periodicities, SFN wrap-around, RAN2-specific CDRX aspects, …).




This paper aims to discuss some our views about C-DRX enhancements. In particular, we consider how to optimize power saving for HARQ operations when the UE is configured with C-DRX.
Discussions
Review of HARQ Handling in C-DRX Operations
C-DRX is a primary tool for UE-power saving in RRC-CONNECTED mode, as it allows the UE to stop monitoring PDCCH in certain time intervals (i.e. C-DRX OFF-Duration). Since the UE also needs to handle HARQ, it is important to make sure the UE can receive HARQ retransmission grant at appropriate times, while being able to become inactive and save power. Based on the existing specification, when a PUSCH is transmitted, the UE should start the DRX HARQ-RTT Timer (i.e. drx-HARQ-RTT-TimerUL), which allows the UE to skip monitoring PDCCH when this timer is running as the UE does not expect the gNB to send (if any) retransmission during this time, since the gNB anyway needs sometimes (including round trip delay) to process the PUSCH before any retransmission grant can be issued. Once the drx-HARQ-RTT-TimerUL is expired, the UE should wake up and start DRX retransmission timer (i.e. drx-RetransmissionTimerUL). The UE should become active in terms of PDCCH monitoring when the drx-RetransmissionTimerUL is running, so it is able to receive the potential retransmission grant. An illustration for uplink HARQ handling procedure for C-DRX is illustrated in Figure 1:
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Figure 1 An illustration of Uplink HARQ handling in C-DRX
From the power saving point of view, we think the value of these timers should be selected based on the delay budget of the data. For instance, if the delay budget is stringent, the time that the UE needs to wake up for retransmission grant can be set to be very short, so the UE does not waste too much power to monitor PDCCH when the data is already anyway outdated. On the other hand, if the delay budget is quite relaxed, the UE may stay in sleep mode a bit longer before it wakes up again to receive potential retransmission grant. Thus, we believe a more flexible framework based on traffic requirement is needed.
Observation 1: C-DRX setting for HARQ handling may be optimized based on latency requirements of the data.
Nonetheless, currently only one DRX setting can be configured per MAC entity, and therefore the same set of DRX timer values are used for every PUSCH transmission to handle HARQ operation.

XR with Multiple Traffic Streams
According to TR 38.838 [2], XR applications may have different traffic streams. For examples, for UL traffics in AR use cases, pose/control may be treated as one traffic stream, while aggregating scene, video, data, and audio could be mapped to one or two other streams.
From resource allocation point of view, multi-stream modeling is crucial as these streams may have very different characteristics such as periodicity, packet size, and packet delay budget (PDB). So, by knowing the traffic stream to be transmitted, a more optimized resource allocation can be achieved. By considering the AR use cases described in TR 38.838 as the example, the stream corresponding to pose/control information has the following requirement:
	Parameters
	unit
	Baseline values for evaluation
	Optional value for evaluation

	Periodicity
	ms
	4
	Other values can be optionally evaluated.

	Jitter
	ms
	No jitter
	

	Packet size 
	byte
	100
	

	PDB
	ms
	10
	

	Packet Success Rate X
	%
	99
	90, 95



On the other hand, for the stream corresponding to audio/video and data aggregation, a different set of requirements should be considered.
	Parameters
	unit
	Baseline values for evaluation
	Optional values for evaluation

	Periodicity P
	ms
	10
	

	Data rate: R
	Mbps
	0.756, 1.12
	

	Packet size
	byte
	R×1e6 × P /1000 / 8
	

	PDB
	ms
	30
	Other values can be optionally evaluated

	Packet Success Rate
	%
	99
	99.9



Apparently, the PDB for data traffic corresponding to audio/video/data (30ms) is 3 times longer than the PDB for pose/control information (10ms). In fact, a PDB of 60ms is also possible in accordance to TR 38.838. Thus, it is expected that the UE needs to concurrently handle traffic streams with very different latency requirements.
Observation 2: XR applications have multiple traffic streams with different latency requirements in accordance with their PDB.
It is expected that, to support multiple traffic streams with different requirements more efficiently, these traffic streams may be mapped to different DRBs, and their LCHs should be configured with different LCH mapping restrictions by the gNB in order to make sure they are transmitted in an appropriate fashion. 
Specifically, as indicated in the endorsed TP of TR 38.835 [3], UL pose information have similar requirements to URLLC. In this sense, LCH mapping restrictions introduced in Rel-15 for URLLC traffics are likely to be applied for LCHs corresponding to UL pose/control information to make sure their PUSCH can be transmitted more rapidly, such as:
-	allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;
-	maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;
On the other hand, for other traffic streams corresponding to audio/video/data, the latency requirements are more relaxed and they may be mapped to any grant without much restrictions. Therefore, when an uplink grant is provided, both gNB and UE know whether this grant is targeted at UL pose/control information based on the grant characteristics. Similarly, both gNB and UE know if this grant is only allowed for traffic streams such as audio/video and data. Also, if configured grant is to be used, whether a LCH can be mapped onto a configured grant resource is also quite clear based on LCH mapping restriction rules such as configuredGrantType1Allowed and allowedCG-List.
Observation 3: To support multiple traffic streams with different requirements in XR, LCH mapping restriction may be used to guarantee appropriate resource usage by uplink data.

C-DRX Adaptation based on LCH-Allowance for a Grant
Based on the discussions and observations made above, we think a more dynamic C-DRX operation for HARQ handling should be adopted to optimize UE sleep time. More specifically, to achieve better power saving at the UE, we think C-DRX timers for HARQ handling that are started with a PUSCH should be adaptively changed based on the traffic flows that are expected to be transmitted on the PUSCH. 
By assuming that different traffic streams are configured with different LCH mapping restrictions, the UE (as well as the gNB) can easily tell whether a grant is targeting at UL pose/control or audio/video/data stream, based on which LCH is allowed to be mapped onto this grant in accordance with LCH mapping restrictions. If we can associate the LCH allowance to a particular C-DRX setting relating to HARQ handling, the UE can select appropriate values for e.g. DRX retransmission timer, by checking which LCHs is allowed on the corresponding PUSCH.
An illustrative example is shown in Figure 2, where the value of drx-RetransmissionTimerUL is adaptively changed in accordance to the LCH allowance on a uplink grant. If the uplink grant is targeting at UL pose information that has more stringent delay requirement, a shorter drx-RetransmissionTimerUL can be applied such that the UE does not need to stay awake even beyond the delivery deadline of the packet. On the other hand, if the uplink grant is targeting at audio/video/data streams that have more relaxed delay requirements, the UE may stay awake a bit longer in order to receive the retransmission grant that will still be valid even after a longer period of time.
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Figure 2 Adaptive DRX retransmission timer value based on LCH allowance on the PUSCH.
As mentioned earlier, both gNB and UE can know LCH allowance on a grant based on LCH mapping restrictions and the grant characteristics/parameters, no explicit signaling (e.g. PUCCH) is needed for the UE to indicate which timer value it has chosen for the PUSCH. Hence, we can ensure gNB and UE can have an aligned understanding about the DRX timer operations without the need to introduce new L1 signaling such as UCI. Thus, we think this is an enhancement that can be solely handled by RAN2 in order to optimize C-DRX HARQ handling operations and achieve better power saving for XR.
Proposal 1: For Rel-18 XR, RAN2 should consider C-DRX HARQ handling timer value adaptation for a PUSCH based on LCH allowance on the corresponding uplink grant.
Although the concept of C-DRX timer value adaptation is generally applicable to both dynamic and configured grants, we think for configured grants the gNB could simply indicate the desirable C-DRX timer setting in the configuration. Thus, the UE can determine the C-DRX timer values for a CG-PUSCH in accordance with what has been pre-configured for the CG.
Proposal 2: Configuration for configured grants can include an indication of C-DRX HARQ handling timer value setting that the UE should apply for the CG-PUSCH.

Conclusions
This contribution provides some of our views on C-DRX enhancements for XR. In particular, we have made the following observations:
Observation 1: C-DRX setting for HARQ handling may be optimized based on latency requirements of the data.
Observation 2: XR applications have multiple traffic streams with different latency requirements in accordance with their PDB.
Observation 3: To support multiple traffic streams with different requirements in XR, LCH mapping restriction may be used to guarantee appropriate resource usage by uplink data.

Based on these observations, we think it makes sense to have some association between C-DRX HARQ handling behavior and the data traffic that is intended to be transmitted on a grant. Therefore, we have the following proposal:
Proposal 1: For Rel-18 XR, RAN2 should consider C-DRX HARQ handling timer value adaptation for a PUSCH based on LCH allowance on the corresponding uplink grant.
Proposal 2: Configuration for configured grants can include an indication of C-DRX HARQ handling timer value setting that the UE should apply for the CG-PUSCH.
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