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1 Introduction

In this contribution we discuss the remaining user plane issues for Rel-13 LC UEs and UEs operating coverage enhancement. We first discuss UL HARQ repetition triggering and timing. We continue with bundling and repetitions within a bundle for both UL and DL HARQ. After that we discuss SR and BSR and conclude with couple of remarks on DRX operation for Rel-13 LC/CE UEs. 
In RAN1#82bis it was agreed that “UE is expected to support no more than N=2 DL (UL) HARQ processes to receive (transmit) unicast PDSCH (PUSCH)” for UEs with medium-to-large CE. Further it was agreed for Rel-13 LC/CE UEs to use adaptive and asynchronous HARQ for PDSCH as in legacy. For PUSCH it is a working assumption to support synchronous HARQ and adaptive retransmissions. Whether to also support non-adaptive retransmissions is FFS.
2 HARQ
2.1 Legacy uplink HARQ

In legacy operation uplink HARQ is synchronous, where possible retransmissions can be non-adaptive, indicated on PHICH (HARQ feedback) without a PDCCH, or adaptive, where UE follows the scheduling information in DCI over PDCCH. Synchronous HARQ operation means the retransmissions occur at a fixed time after the previous transmission, in comparison to asynchronous operation where the retransmissions can occur at any time after a previous transmission. 
2.2 Triggering uplink retransmissions
[image: image1.emf]sufbrame 01234567890123456789012345

M-PDCCH

PUSCH


Figure 1. Example of coverage enhanced uplink HARQ process. All PUSCH repetitions are sent in one bundle in this example.
Based on the discussion and agreements so far in RAN1, we assume there will not be a dedicated PHICH-type channel for short and fast HARQ feedback. As legacy PDCCH cannot be received by bandwidth limited low complexity UEs, all HARQ feedback would be sent over M-PDCCH. It should be noted, however, that real HARQ feedback, corresponding to PHICH operation, is not needed for UL HARQ operation as further described and proposed in this contribution.
RAN1 has discussed that PHICH functionality (HARQ ACK/NACK) could be carried over M-PDCCH. Depending on the UE coverage level and, for example, the DCI size, a successful M-PDCCH transmission may require tens of TTIs. However, we consider that this brings additional complexity. The simplest way forward would be to drop the non-adaptive retransmission option for low complexity or coverage enhanced UEs for retransmissions of bundles. In this case there would be no need to specify explicit ACK or NACK DCI formats for UL HARQ, as all retransmissions would be signalled by sending a retransmission grant on DCI. Benefits of this scheme include less radio resource usage as ACKs are not explicitly transmitted. Also, with only adaptive operation, there is no danger of getting spurious retransmissions, i.e., when the UE wouldn’t be able to decode the HARQ feedback, and it would continue sending retransmission up until reaching the maximum configured number of retransmission attempts. Especially for high coverage levels this would result in high radio resource usage.
The UE should keep the data in the UL buffer until it receives a grant for a new transmission or the HARQ buffer is flushed. 
Note that for repetition within a bundle, the retransmissions should still be non-adaptive but without any feedback (like in Rel-8 TTI bundling).

Proposal 1 Repetitions are transmitted as non-adaptive retransmissions within bundles.
Proposal 2 Use explicit UL grants for all bundle retransmissions, that is, use adaptive UL HARQ for Rel-13 LC UEs and UEs in enhanced coverage. 

The adaptive UL HARQ operation would not require explicit HARQ ACKs to be sent, lower layers should be specified to handle possible absence of non-detected PUSCH HARQ feedback and always indicate the HARQ feedback to MAC.  This operation would require no changes for HARQ procedures in MAC specification.
2.3 Repetitions within bundles
For UEs in enhanced coverage, both downlink and uplink data transmission can be handled through similar mechanism as the Rel-8 UL TTI bundling. The currently supported maximum number of HARQ repetitions is 28 and the TTI bundle size is 4. For enhanced coverage, the possible repetition factors will be configured by RRC and the used repetition factor will be indicated in DCI. RAN1 has agreed that the existing redundancy version (RV) sequence is used, but each RV is repeated Z times in the sequence before advancing to the next one. The value of Z should be fixed but is still FFS. The receiver can then use soft-combining over the repeated TTIs to recover the sent transport block. A similar scheme could be used for both uplink and downlink using respective channels for data and feedback. This means introducing a TTI bundling-like scheme also for downlink.  

The following text explains UL TTI bundling in TS 36.321 section 5.4.2.1 [1]:

	When TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. TTI bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a transmission in that TTI takes place or not (e.g. when a measurement gap occurs). A retransmission of a TTI bundle is also a TTI bundle. TTI bundling is not supported when the MAC entity is configured with one or more SCells with configured uplink.




Similar text can be used to explain how the repetitions work in the context of coverage enhancements. Similar explanation should also be introduced for downlink HARQ in TS 36.321
Proposal 3 Capture repetitions within bundle similar way as TTI bundling is captured. Define a dynamic UL_REPETITION_FACTOR in MAC specification.
For uplink HARQ the existing procedure can be kept, after ensuring CURRENT_TX_NB is increased only once per bundle transmission. Then also the existing configuration and handling of maxHarq-TX can be reused. 
Proposal 4 CURRENT_TX_NB is updated once per bundle transmission.
Proposal 5 Introduce bundling in downlink so that UE will receive DL_REPETITION_FACTOR consecutive transmissions before sending HARQ feedback in MAC specification. 

To cover different coverage scenarios and eNB configurations, different bundle sizes or repetition factors for different channels are needed for maximum flexibility. Taking downlink as an example, this would mean different repetition factors for the DCI on downlink control channel, data bundles on PDSCH and feedback on PUCCH/PUSCH. Upper layers as well as lower layers (L1) are expected to configure these factors. 
2.4 Scheduling request

Current procedure for SR [1] says that for pending SR in each TTI when UE doesn’t have valid UL-SCH resources, the UE increments SR_COUNTER by one if it is less than dsr-TransMax and starts the sr-ProhibitTimer after increasing the counter. 
For Rel-13 LC/CE UEs using repetitions, it should be clarified that SR_COUNTER should be increased by one only after one bundle of PUCCH SR transmissions. Likewise, the sr-ProhibitTimer should be started after the bundle. The timer does not need to be extended as the values correspond to number of SR periodicities, which can be changed in RAN1 specifications if needed. 

Proposal 6 SR_COUNTER is increased once and sr-ProhibitTimer is started after bundle of PUCCH SR transmissions has been triggered. 

logicalChannelSR-prohibitTimer can additionally be used to prohibit SR before initial SR transmission, especially intended for delay-tolerant traffic. The value range of this timer extends to 2560 subframes and we see no reason to extend this timer. 

2.5 Buffer status reporting
For BSR we see no need to change the procedure or extend the timers periodicBSR-Timer or retxBSR-Timer. The value ranges for both of these timers is long already and for periodic BSR there is option to disable the timer by configuring infinity. 
2.6 DRX

To avoid possible synchronization problems between UE and eNB regarding the UE status (Active or in DRX), all of the timers related to DRX should be explicitly configured using RRC, and should not be left for UEs to scale autonomously based, e.g., on current CE level. For example, the eNB can select the timer value based  on the assumption of the CE level of the UE based on measurements.
Proposal 7 DRX timers are explicitly configured using RRC.

When the timers are explicitly configured, the current definition of Active Time can be reused, and the UE should listen to M-PDCCH repetitions only when any timer (constituting DRX Active Time) is running.
It is assumed that the search space for M-PDCCH has the number of repetitions as one dimension. The UE can stop monitoring M-PDCCH when it has decoded the assignment/grant, however the eNB needs to assume that the UE needs to receive maximum number of repetitions to be able to decode the DCI. To avoid that DRX timers become unsynchronized, the assumed repetition should be the same in the UE and the eNB. This means, that for example drx-InactivityTimer is started after the subframe corresponding to the possible last M-PDCCH repetition. 
Proposal 8 drx-InactivityTimer is started after all possible repetitions, i.e., after the subframe corresponding to the maximum repetition factor in the M-PDCCH search space configuration.
3 Conclusion

In this contribution we have discussed remaining issues on user plane aspects of Rel-13 LC/CE UEs.
Based on the discussion in section 2 we propose the following:
Proposal 1
Repetitions are transmitted as non-adaptive retransmissions within bundles.
Proposal 2
Use explicit UL grants for all bundle retransmissions, that is, use adaptive UL HARQ for Rel-13 LC UEs and UEs in enhanced coverage.
Proposal 3
Capture repetitions within bundle similar way as TTI bundling is captured. Define a dynamic UL_REPETITION_FACTOR in MAC specification.
Proposal 4
CURRENT_TX_NB is updated once per bundle transmission.
Proposal 5
Introduce bundling in downlink so that UE will receive DL_REPETITION_FACTOR consecutive transmissions before sending HARQ feedback in MAC specification.
Proposal 6
SR_COUNTER is increased once and sr-ProhibitTimer is started after bundle of PUCCH SR transmissions has been triggered.
Proposal 7
DRX timers are explicitly configured using RRC.
Proposal 8
drx-InactivityTimer is started after all possible repetitions, i.e., after the subframe corresponding to the maximum repetition factor in the M-PDCCH search space configuration.
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