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1 Introduction
The post RAN2#121 email discussions [311] [1] and [312] [2] discussed many topics of DTX/DRX technique adaptation for NES, aiming at progressing the UE and expected network behaviors during Cell DTX/DRX non-active period, as well as the various possible mechanisms to configure and control such feature. Specifically, the interesting issue of the UE and network behaviors when both Cell DTX/DRX and legacy C-DRX are configured have been addressed in both email discussions, where different views were expressed, including different interpretations or models of the Cell DTX/DRX active period resulting in same UE and network behaviors. This contribution aims at addressing those in view of progressing this issue.

2 Discussion
When both Cell DTX/DRX and C-DRX are configured to a UE, it is questioned what is the relationship between the Cell DTX/DRX active period and the C-DRX Active Time and the resulting UE behaviour which, in the end, is what matters most, specification-wise. Specifically, we focus on the UE behaviour in terms of PDCCH monitoring for dynamic assignments/grants and the related PDSCH reception / PUSCH transmission. This issue was discussed in questions 5-6 of email discussion [311] [1] as well as in questions 4, 7-9 of [312] [2]. Offline [311] addressed separately the cases of dynamic scheduling for new transmissions (Q5) and retransmissions (Q6).

2.1  Dynamic scheduling for new transmissions
For the new transmissions, the current resulting proposals from offline [311] Rapporteur are [1]
	Proposal 5a: UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time. (19/23)

Proposal 5b: The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time (20/23)


First, we assess what is the benefit of proposal 5a. As expressed by proposal 5b, we also believe that gNB will always aim at not scheduling any dynamic grant or assignment outside the Cell DTX/DRX active period, for the very purpose of saving energy. So, proposal 5a is only about UE power saving. Then, assuming the gNB behaviour of proposal 5b, the only usecase where a UE would have to monitor PDCCH during Cell DTX non-active period while in C-DRX Active time is when gNB schedules a dynamic grant or assignment at the end of the Cell DTX/DRX active period, which would trigger the drx-InactivityTimer and extend the DRX Active Time beyond the Cell DTX/DRX active period (Figure 1). As a result, taking the worst-case scenario where the end times of the C-DRX on-duration and Cell DTX/DRX active period are aligned (Figure 1), not restricting the UE from monitoring PDCCH outside the Cell DTX/DRX active period would result in extending its PDCCH monitoring by the duration of the drx-InactivityTimer only. This represents a minor power saving gain in practice.
Observation 1: Restricting the UE from monitoring PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period even if the UE is in C-DRX Active time (per P5a of offline [311]), has no impact on network energy saving and only brings marginal UE power saving gain.
Based on the above, we consider proposal P5a of offline [311] is an optimization not worth pursuing.

[image: image1.emf]C-DRX

on-duration

Active Time

Act. Time 

extended

Cell DTX/DRX active period

Cell DTX

Dynamic scheduling

drx-InactivityTimer

Saved UE power


Figure 1: UE power saving gain from Proposal 5a of offline [311] [1]
Proposal 1: UE is not allowed to skip monitoring PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period when the UE is in C-DRX Active time. No change to the legacy DRX procedure.
We now want to check the impacts of above proposal 5a, if agreed, on the legacy DRX procedure. Indeed, as discussed above, upon receiving a dynamic grant or assignment, the UE starts the drx-InactivityTimer, during which it remains in Active Time, i.e., keeps monitoring the PDCCH. Therefore, we see only three options to implement above proposal 5a:

· Option 1: The above gNB scheduling restriction anticipates the drx-InactivityTimer and does not schedule any new grant or assignment beyond an offset (equal to drx-InactivityTimer) from the end of Cell DTX/DRX active period (Figure 1-left).
· Option 2: The gNB sends a PDCCH skipping command telling the UE to skip PDCCH monitoring for the remaining time of drx-InactivityTimer beyond the end of Cell DTX/DRX active period (Figure 1-center)
· Option 3: UE stops the drx-InactivityTimer at the end of Cell DTX/DRX active period (Figure 1-right)
Options 1 and 2 require no change to the legacy DRX procedure, while option 3 needs to add a new trigger for stopping the drx-InactivityTimer, which is unnecessary complexity. Considering there are alternate gNB implementation options not impacting the legacy DRX procedure, we prefer relying on those and leaving DRX unchanged.
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 Figure 1: Options for implementing Proposal 5a of [1]
Proposal 2: If RAN2 agrees that UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period even if the UE is in C-DRX Active time (per P5a of offline [311]), it shall be fully left to gNB implementation and shall not require any change to the legacy DRX procedure.
2.2  Dynamic scheduling for retransmissions

For retransmissions, there are more split views and the current resulting proposals are [1]
	Proposal 6a: RAN2 to discuss the following options for UE behaviour for PDCCH monitoring for dynamic retransmissions during cell DTX non-active period:

1) UE doesn’t monitor PDCCH for dynamic grants/assignments for dynamic retransmissions during Cell DTX non-active, even if the UE is in C-DRX Active time. (12/22)

2) UE monitor PDCCH for dynamic grants/assignments for retransmissions during the UE’s C-DRX Active time per legacy behaviour, even during the Cell DTX non-active period. (7/22)

3) Option 1 for retransmission of dynamically scheduled TBs, FFS for retransmission of CG or SPS (2/22)

Proposal 6b: RAN2 to discuss the following options for the understanding for the gNB scheduling behaviour for dynamic retransmissions during Cell DTX non-active period:
1) gNB does not schedule UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods, even if the UE is in C-DRX Active Time (12/22)

2) gNB can schedule UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods, but not outside of the UE’s C-DRX Active time. (6/22)

3) Option 1 for retransmission of dynamic scheduling, FFS for retransmission of CG or SPS (2/22)


Similar to the case of initial transmission, the option 1) in proposals 6a and 6b assume that the above gNB scheduling restriction anticipates the potential retransmissions associated with any dynamic scheduling occurring during the Cell DTX/DRX active period, see Figure 3.
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Figure 3: Reduced scheduling interval to avoid re-transmissions outside the Cell DTX/DRX active period
Unlike for the case of the drx-InactivityTimer we think this is trickier to predict since the scheduling of subsequent retransmissions is not deterministic, latency-wise. Not mentioning unpredictable behaviours e.g. de-prioritized transmissions (when lch-basedPrioritization is configured) or postponed transmissions due to channel unavailability in shared spectrum.

Observation 2: It is tricky, if possible at all, to anticipate by gNB implementation some backoff period before the Cell DTX/DRX active period end, to cope with potential retransmissions.
Besides, unlike for the initial transmission case, no other solution such as PDCCH skipping command and/or forcing the retransmission timers to stop is valid in that case because an on-going HARQ retransmission procedure should not be stopped until successful delivery or exhausting the maximum number of retransmissions.

Finally, similar to the initial transmission case, assuming gNB will always aim at not scheduling any dynamic grant or assignment outside the Cell DTX/DRX active period, the UE power spent in monitoring PDCCH for potential retransmissions recovering the last dynamic grants/assignments for new transmission of the Cell DTX/DRX active period will be marginal (see Figure 1).

Observation 3: Restricting the UE from monitoring PDCCH for dynamic grants/assignments for retransmissions during Cell DTX non-active period even if the UE is in C-DRX Active time (per P6a-option 1 of offline [311]), has no impact on network energy saving and only brings marginal UE power saving gain.
Based on the above, we consider the option 1) of proposal P6a of offline [311] as an optimization not worth pursuing.

The exact same reasoning on the feasibility of option 1 of proposal P6a of offline [311] regarding the maximum retransmission delay estimation applies equally to option 3, with even less UE power saving benefit. Therefore, our preference is option 2 of proposal P6a of offline [311], which is also the simplest as it has no specification impact on the legacy DRX procedure.

Proposal 3: UE is not allowed to skip monitoring PDCCH for dynamic grants/assignments for retransmissions during Cell DTX non-active period when the UE is in C-DRX Active time. No change to legacy DRX procedure.
2.3  Modeling of the Cell DTX/DRX active period
If either of above proposal 1 or proposal 3 is agreed (or both) there will be cases where a UE can be in C-DRX Active Time while outside the configured Cell DTX/DRX active period, as illustrated in Figure 4. However, the two email discussions [311] and [312] on Cell DTX/DRX interestingly rose a difference of views on the Cell DTX/DRX active period modelling when UE is in C-DRX Active Time, while the difference seems to be reduced to the model, both models resulting on the same network/UE behaviours. Essentially the two models are:

· Model 1: Cell DTX/DRX active period is NOT extended due to UE C-DRX Active Time (e.g. extended due to UE activity or ReTx), but the network is allowed to schedule UL grants and DL assignments to a specific UE during UE C-DRX Active Time overlapping with Cell DTX/DRX non-active period. Essentially, with this model, the Cell DTX/DRX active period is always fixed and common for all UEs. 

· Model 2: Cell DTX/DRX active period is extended due to UE C-DRX Active Time (e.g. extended due to UE activity or ReTx), but for that UE only. Cell DTX/DRX active period remains unchanged for other UEs. Essentially, with this model, the Cell DTX/DRX active period can be extended for each UE independently. Note it does not necessarily require a new timer and the Cell DTX/DRX active period can be simply controlled by legacy C-DRX timers (as the C-DRX Active Time). 
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Figure 4: Different models of Cell DTX/DRX active period for the same UE behaviour
We think the model discussion can be postponed to CR stage, while it is important to capture the above UE behaviour unambiguously and independently of the above models. The below proposal attempts to do so: 

Proposal 4: In a Cell with Cell DTX/DRX configured and activated, a UE configured with C-DRX only applies the R18 behaviour associated with Cell DTX/DRX non-active period (whatever RAN2 will specify) if it is outside the legacy (and unrestricted) C-DRX Active Time.
3 Conclusion

In this contribution, we discussed the issue of the UE and network behaviors when both Cell DTX/DRX and legacy C-DRX are configured. The following observations and proposals are made:
Observation 1: Restricting the UE from monitoring PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period even if the UE is in C-DRX Active time (per P5a of offline [311]), has no impact on network energy saving and only brings marginal UE power saving gain.
Proposal 1: UE is not allowed to skip monitoring PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period when the UE is in C-DRX Active time. No change to the legacy DRX procedure.

Proposal 2: If RAN2 agrees that UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period even if the UE is in C-DRX Active time (per P5a of offline [311]), it shall be fully left to gNB implementation and shall not require any change to the legacy DRX procedure.
Observation 2: It is tricky, if possible at all, to anticipate by gNB implementation some backoff period before the Cell DTX/DRX active period end, to cope with potential retransmissions.
Proposal 3: UE is not allowed to skip monitoring PDCCH for dynamic grants/assignments for retransmissions during Cell DTX non-active period when the UE is in C-DRX Active time. No change to legacy DRX procedure.
Proposal 4: In a Cell with Cell DTX/DRX configured and activated, a UE configured with C-DRX only applies the R18 behaviour associated with Cell DTX/DRX non-active period (whatever RAN2 will specify) if it is outside the legacy (and unrestricted) C-DRX Active Time.
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