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Discussion and Approval
1. Introduction

At RAN2#65 the issue of the time alignment of DRX and SPS was discussed [1] and RAN2 understanding of the REL8 UE behaviour (shown below) was minuted in [2]. 

1) For UL case the behaviour is clear in spec today. (The UE uses uplink grant configured during DRX off cycle).
2) For DL outside active time and other mandated PDCCH monitoring (e.g. random access ) the UE behaviour is not specified (i.e. UE is not mandated to receive the PDCCH or process the configured DL assignment but an implementation may choose to do so)
In the Figure 1, the current RAN2 assumption is shown as the case 1. Some companies favoured the alignment of DRX and SPS in downlink in terms of UE battery saving, while other companies expressed their concerns that eNB scheduler flexibility is rather limited since the eNB will have to configure downlink assignment during on-duration time. This paper discusses the issue and proposes a way forward in REL9.
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Figure 1: DL SPS operation when aligned and not aligned to the DRX on duration
2. Discussion
For flexibility of the eNB scheduler, SPS downlink assignment should be configured independent of DRX configuration. However, this would reduce the opportunity of DRX for the UE due to the need for more monitoring occasions for PDCCH, resulting in higher UE battery consumption. In order to satisfy the above almost conflicting requirements, it is proposed that the DRX Start Offset should be adjusted when DL SPS is activated so that the configured DL assignments can be received within DRX on duration periods. The new DRX Start Offset Value should be determined from the subframe in which downlink SPS is activated.
With this proposal, the eNB may configure downlink assignments very close to SPS uplink transmissions if uplink SPS is on going. Since DRX Start Offset will be adjusted to downlink SPS, both UL and DL SPS transmission can be handled within the adjusted DRX on duration periods, which further reduce battery consumption.
The specifications would have 2 methods for adjusting the DRX Start Offset Value - explicit signalling via RRC reconfiguration procedure and an implicit method via DL SPS activation. However, the existence of these 2 methods should not cause any problems as long as the eNB implementation avoids initiating a change in DRX Offset Value by both methods closely spaced in time. 
2.1 Reliability

With regard to the reliability of the 2 methods described above, the RRC based solution is a very robust method since the RRC reconfiguration procedure is a two way handshake of RRC messages between the UE and the eNB, plus the RRC messages are carried in RLC Acknowledgement Mode. However, due to possible HARQ and RLC retransmissions it may be difficult for the eNB to decide exactly when to switch to the new DRX Offset. 
Concerning the implicit method based on SPS activation, the following two cases need to be studied.

1) False positive SPS activation
Although the probability of a false  SPS activation is sufficiently reduced by the virtual CRC [3] [4] (the estimated frequency of occurrence is once per 1.14 hours assuming SPS activation using DCI format 1A, should it happen, a UE that made a false positive detection, would be unreachable from the eNB because the UE would change the DRX Start Offset based on the subframe when the false positive detection occurred and the eNB would not be aware of the false positive detection that has occurred and would apply the already configured (old) DRX Start Offset. 

After the false positive detection the UE will periodically decode the PDSCH indicated by false configured downlink assignment. Since the frequency resource indicated by the assignment would be random and highly unlikely used for the actual transmissions, the decoding of the PDSCH would never be successful considering 24 bit CRC is used on the PDSCH. Therefore if the UE does not successfully decode the PDSCH indicated by the downlink configured assignment for a certain period the UE shall conclude that the SPS activation was false and revert back to the original DRX Start Offset.
2) DTX misdetection by the eNB
When the SPS activation is not received by the UE and the eNB detects ACK or NACK erroneously when the UE HARQ response is in DTX, the UE will be become unreachable. The UE is not aware of the SPS activation and maintains the already configured (old) DRX Start Offset. Meanwhile the eNB starts scheduling subsequent SPS transmissions applying the new DRX Start Offset.
In this case the eNB will not receive any HARQ feedbacks from the UE. Therefore if the eNB does not receive HARQ feedback from the UE for a certain period the eNB can conclude that the SPS activation was not received by the UE and retransmit the SPS activation in the On Duration period based on the already configured or old DRX Start Offset. 
As described the above SPS false positive detection in the case 1) is very rare. With regards to the case 2) its probability can be estimated 10-4 based on the Annex H of [5].  We have shown in the above that those two rare cases can be handled by simple solutions.
2.2 Impacts to DRX timers

With regard to the impact to existing DRX timers, the change of the DRX Start Offset will not affect the ongoing operation of downlink HARQ processes, for example the behaviour of the HARQ RTT Timer(s) and DRX Retransmission Timer(s) will remain intact. Similarly the behaviour of the Contention Resolution Timer and the Inactivity Timer will remain intact. With regard to the operation of the On Duration Timer, this depends on its configured value and the reinitialised timing of the configured downlink assignment, which may occur when the On Duration Timer is already running. To cater for this TS36.321 subclause 5.7 should be amended to state "start or restart" the On Duration Timer rather than just “start”.
2.3 Backward compatibility

Backward compatibility also needs to be considered. A release 9 UE that adjusts the DRX Start Offset in the manner described should not behave in this way when operating under an eNB that was designed according to the release 8 specifications, otherwise it will adjust its DRX Start Offset in a way not anticipated by the eNB and result in the UE being unreachable by the eNB. To address this issue the RRC signalling should include an indicator to activate this method of changing the DRX Start Offset, so that only eNBs that are designed to operate with this behaviour can activate it.
Conclusion

Based on the above, we propose to support the DRX Start Offset adjustment for DRX and SPS alignment based on the subframe of DL SPS activation in REL 9 in order to increase the eNB scheduler flexibility without impacting the UE battery life.

We request RAN2 to discuss and agree on the above proposal. 
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