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1
Introduction

At RAN2#64bis the issue of the time alignment of DRX and SPS was discussed [1]. The contribution proposed that the UE only tries to detect an SPS activation during the DRX on duration. During discussion some companies expressed concern about limiting the eNB's flexibility in setting the timing of SPS. Analysing this issue further we have concluded that according to the current specification, the only way that DRX and SPS can work correctly together is when their timing is aligned.

2
Analysis of current specification

2.1
SPS activation

SPS activation can occur at any time and so the eNB has the flexibility to activate SPS with any timing. The only condition is that SPS activation must be sent during active time to ensure that the UE is monitoring its SPS-C-RNTI, but the eNB can easily choose to extend active time in order to send the SPS activation at the timing it desires. It is understood that flexibility is desirable in order for eNB to efficiently utilise the radio resources particularly when SPS is configured for many UEs.

2.2
DL SPS operation with DRX

Consider that DL SPS has been activated with a timing that is not aligned with the DRX on duration. DL SPS operates correctly while the UE's inactivity timer is running. However, when the UE's inactivity timer expires and the UEs enter DRX operation, there are 2 problems that cause the DL SPS to stop operating correctly.

The first problem is created by the yellow highlighted text in the following extract from 36.321 section 5.3.1. According to this text the UE only processes the configured DL assignment when he UE monitors PDCCH. As the UE does not monitor the PDCCH between the on durations, the UE therefore will not process the configured DL assignments and the SPS transmission will not be received. Based on some of the discussion of [1] it appears that not all companies have the same understanding of this aspect of the specification.
	5.3.1
DL Assignment reception

Downlink assignments transmitted on the PDCCH indicate if there is a transmission on the DL-SCH for a particular UE and provide the relevant HARQ information.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI during which it monitors PDCCH:
<...removed text...>
-
else, if a downlink assignment for this TTI has been configured and there is no measurement gap in this TTI:

-
instruct the physical layer to receive, in this TTI, transport(s) block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;

-
set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

<...removed text...>


The second problem is created by the yellow highlighted text in the following extract from 36.321 section 5.7. According to this text the UE will only start the HARQ RTT timer if the configured DL assignment occurs in active time. As the configured DL assignment is not part of active time then UE will not start the HARQ RTT Timer and hence the UE will not be monitoring the PDCCH for a potential re-transmission.

	5.7
Discontinuous Reception (DRX)

<...removed text...>
When DRX is configured, the UE shall for each subframe:

<...removed text...>
-
during the Active Time, for a PDCCH-subframe except if the subframe is required for uplink transmission for half-duplex FDD UE operation and except if the subframe is part of a configured measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the DRX Retransmission Timer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart the DRX Inactivity Timer.

-
when not in Active Time, CQI/PMI/RI on PUCCH and SRS shall not be reported.
<...removed text...>


The problems described above are shown in figure 1.The figure shows the timing of the DRX on duration and two cases for the timing of the configured downlink assignment for SPS.  In case 1, the configured downlink assignment is aligned to the DRX on duration. The UE processes and receives the configured downlink assignment. Furthermore, the UE starts the HARQ RTT Timer which means that the UE will be active and monitoring the PDCCH in order to receive a potential retransmission after one round trip time. Therefore DL SPS operation works correctly.
In case 2, the configured downlink assignment is not aligned to the DRX on duration. The UE will not process the configured downlink assignment in a subframe that is not part of active time and so the SPS transmission will not be received. Furthermore the UE will not start the HARQ RTT Timer in a subframe that is not part of active time and hence the UE will not be active to receive any potential retransmissions. Clearly DL SPS operation is not working correctly.
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Figure 1: DL SPS operation when aligned and not aligned to the DRX on duration
The 2 problems described above lead us to the conclusion that DL SPS operation really does not work if the eNB chooses to activate SPS with a timing that is not aligned to the on duration.
3
Way forward

Given the conclusion from the previous section that DL SPS operation does not work if the eNB chooses to activate SPS with a timing that is not aligned to the on duration, we consider that there are 3 possible ways forward.
1
No change to current behaviour. The UE would still be required to support activation of SPS with any timing relative to the DRX timing, and rely on eNB implementations to activate SPS with a timing aligned to the DRX on duration in order to make SPS work.  Even if this approach is preferred it would be beneficial to introduce a note into the specification to clarify that SPS activation is expected to be aligned with the on duration in order for DL SPS to work correctly.
2
Specify that the UE only monitors for activation/reconfiguration of SPS during the on duration. With this change it will prevent the case of misaligned SPS and DRX from occurring, and prevent UEs from needing to support redundant requirement of needing to monitor PDCCH for SPS activation in all subframes of active time. As discussed in [1] this approach has the additional advantage of further reducing the SPS activation false alarm rate, and is preferable to approach 3 from a UE power consumption perspective. 
3
Make changes to the specification to enable DRX and SPS to work together with independent timing. While this may seem desirable from the perspective of eNB flexibility it is highly undesirable for UE power consumption. Additionally it is late in the release 8 time frame to be making these changes. 

4
Conclusion

This paper has analysed the current specification and concluded that DL SPS operation really does not work if the eNB chooses to activate SPS with a timing that is not aligned to the on duration. 3 alternatives for the way forward are identified. The proposal is agree alternative 2 which is to specify that the UE only monitors for activation/reconfiguration of SPS during the on duration, and a CR for this alternative is provided in [2]

The analysis in this paper has been focussed on DL SPS operation. UL SPS operation does not seem to have the same behaviour and would operate correctly with a timing that is not aligned to the DRX timing. However, for reasons of UE power consumption, we propose that UL SPS activation/re-configuration is also aligned with DRX on duration.
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