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1. Introduction

In Sorrento RAN1#52, RAN1 [1] agreed to use subframe bundling for (at least) improving UL coverage with bundling applicable to both FDD and TDD. With bundling, a single transport block is coded and transmitted in a set of consecutive subframes with the same HARQ process number used in each of the bundled subframes. Thus, a bundle is treated as a single resource, i.e., a single grant and a single HARQ acknowledgement is used for each bundle. Three alternatives for HARQ acknowledgement and retransmission timing for bundling were discussed in [1].
In Shenzhen RAN1#52bis, UL HARQ operation and timing was agreed for different TDD configurations [2]. In this contribution, based on the agreed number of UL HARQ processes [3] and HARQ timing [2], we discuss the impact of uplink subframe bundling for the different UL/DL configurations. 
2. Impact of Bundling on TDD Configurations

Bundling is proposed in [1] to improve the LTE uplink coverage without the overhead associated with L2 segmentation and the issues with ACK/NAK errors pointed out by RAN2. Three bundling alternatives are discussed in [1]. For TDD, some TDD specific issues need to be considered taking in to account the difference in allocation of UL and DL subframes in the different configurations. In TDD, PHICH provisioning is available for each UL subframe for the different TDD configurations. Thus, uplink subframe bundling with a single UL scheduling grant and associated PHICH can be easily be supported for the different TDD configurations. However,, due to TDD nature of the transmission, for some bundle positions, the UL subframes in a bundle may not consecutive (for example TDD configuration 2 - 3DL+DwPTS:1UL and configuration 5 -  8DL+DwPTS:1UL). 
The following observations can be made regarding bundling for the different TDD configurations (update of [4] based on agreed UL HARQ timing in [2]):
· As with FDD, bundling alternative 2 (HARQ ACK/NACK timing relative to first subframe in the bundle) can be supported in TDD without extra retransmission delay. Thus, if the first subframe in a bundle is subframe n then any HARQ retransmissions begins in subframe n+HARQ RTT.
· Configuration 0, 1DL+DwPTS:3UL:  Although 3 consecutive UL subframes are present every 5ms,  the number of HARQ processes (7) for this configuration is not an integer multiple of the number of consecutive UL subframes (3). Thus, although the UL subframes in a bundle (size 2 or 3) may be consecutive in the initial transmission, subframes in the bundles for the retransmissions may not necessarily be “physically” consecutive (due to synchronous HARQ).  With bundling alternative 1 (HARQ ACK/NACK timing relative to last subframe in the bundle supporting decoding all UL subframes in a bundle before ACK/NACK), extra retransmission delay is needed (as for FDD case) - if the first subframe in a bundle is subframe n then any HARQ retransmissions begins in subframe n+2*HARQ RTT (Although the retransmission delay can be 1*HARQ RTT in some retransmission locations (radio frames), to avoid error cases an extra retransmission delay can always used). 
Bundling alternative 2 (HARQ ACK/NACK timing relative to first subframe in the bundle supporting decoding atleast the first UL subframe in a bundle before ACK/NACK) can be supported without extra retransmission delay. In this case, if the first subframe in a bundle is subframe n then any HARQ retransmissions begins in subframe n+HARQ RTT.
If subframes in a bundle are required to be “physically” consecutive for initial transmission and also for retransmissions, then bundling cannot be supported with TDD configuration 0 with the current agreed UL HARQ number and timing.  
· Configuration 1, 2DL+DwPTS:2UL: Bundle size of 2 consecutive UL subframes (n=2,3 or 7,8) is possible. Similar to configuration 0, bundling alternative 1 needs an extra retransmission delay, while for alternative 2, bundling can be supported without the extra retransmission delay.
· Configuration 2, 3DL+DwPTS:1UL: Only 1 UL subframe every 5ms, so no consecutive subframes in a bundle are possible. 
· Configuration 3, 6DL+DwPTS:3UL: Can support bundle of size 2 or 3 consecutive UL subframes within a radio frame. This configuration has more than one candidate DL subframe for PHICH (and UL scheduling grant) transmission without impacting the HARQ timing budget. With the current agreed UL HARQ timing of kPHICH = 6 and kPUSCH = 4 [2], supporting bundling alternative 1 requires an extra retransmission delay. However, with slight modification to the PHICH timing for bundled UEs (bundling is switched on/off per UE with higher layer signaling [1]) to kPHICH = 5 for bundle size of 2 and kPHICH = 4 for bundle size of 3 consecutive UL subframes,  bundling alternative 1 can be supported without extra delay in HARQ RTT - if the first subframe in a bundle is subframe n then any HARQ retransmissions begins in subframe n+1*HARQ RTT. 
· Configuration 4, 7DL+DwPTS:2UL: Can support bundle of size 2 consecutive UL subframes (n=2,3) within a radio frame. As with configuration 3, more than one candidate DL subframe for PHICH (and UL scheduling grant) transmission is available without impacting the HARQ timing budget. With the current agreed UL HARQ timing of kPHICH = 6 and kPUSCH = 4, bundling alternative 1 requires an extra retransmission delay. Modifying the PHICH timing for bundled UEs to kPHICH = 5 for bundle size of 2, alternative 1 can be supported without extra delay in HARQ RTT - if the first subframe in a bundle is subframe n then any HARQ retransmissions begins in subframe n+1*HARQ RTT. 
· Configuration 5, 8DL+DwPTS:1UL: Only 1 UL subframe every 10ms, so no consecutive subframes in a bundle are possible 
· Configuration 6, 3DL+2DwPTS:5UL: Can support bundle of size 2 or 3 consecutive UL subframes. For alternative 1, need extra retransmission delay (as for FDD case) - if the first subframe in a bundle is subframe n then any HARQ retransmissions begins in subframe n+2*HARQ RTT. Similar to configuration 0, although the UL subframes in a bundle (size 2 or 3) may be consecutive in the initial transmission, subframes in the bundles for the retransmissions may not necessarily be “physically” consecutive. 
3. Conclusion 

In this contribution, we discussed the impact introduced by subframe bundling based on agreed UL HARQ number and timing. Based on our analysis, 
· Bundle size of 2 consecutive UL subframes can be supported by TDD configurations 1, 3, 4, 6.  
· Bundle size of 3 consecutive UL subframes can be supported by TDD configurations 3, 6.
· For TDD configuration 0 and 6, although the UL subframes in a bundle (of size 2 or 3) may be consecutive in the initial transmission, subframes in the bundles for the retransmissions may not necessarily be consecutive.
· Based on the UL HARQ timing budget, Alternative 1 can be supported without extra retransmission delay with TDD configurations 3, 4.  However, modification to the PHICH timing for bundled UEs is needed (bundling is switched on/off per UE with higher layer signaling).
· As with FDD, bundling alternative 2 can be supported with TDD configuration 0, 1, 3, 4, 6 without extra retransmission delay. 
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APPENDIX A – UL TDD HARQ Timing Diagrams 
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