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1. Introduction

In Kansas RAN2#62, uplink TTI bundling was discussed and alternative 1 (as described in [1]) was selected and a fixed bundle size of 4 was agreed for FDD. It was commented however that the legacy-site reuse which motivated the introduction of bundling for FDD may not hold for TDD [2]. The LS from RAN2 therefore requests RAN1 to clarify if bundling is required for TDD. Moreover, if required, RAN2 would like to know for which UL/DL configurations bundling should be used and whether one fixed bundle size should be selected per UL/DL configuration [2]. In this contribution, we discuss our view on this topic.
2. Coverage issue in 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] and alternative 1 was selected by RAN2 in Kansas [2]. However, the bundling for TDD is not agreed among companies. One important argument to support bundling for FDD is the reuse of legacy sites supporting large cell sizes. For TDD, there have been comments that since the cell size is usually small for TDD, it is uncertain that the bundling is useful and necessary.
It is true that the TDD systems (including trial systems) deployed to date can have a much smaller size than typical 3G FDD cell radius. A typical TDD cell radius for TD-SCDMA is a few km [3], [4]. However, we may still face coverage problem for TDD. The reasons are as follows. Compared with FDD, VoIP in TDD has less retransmission opportunity due to the longer HARQ RTT. Moreover, we have fewer UL subframes within certain time (assuming 50ms is the delay budget for VoIP). This cannot be compensated with higher bandwidth, since the user is power limited and allocating more PRB’s will reduce power density. Due to the inherent issues with TDD VoIP, TDD could still face coverage problems even with smaller PRB allocation size.
Further, the added delay of 1 RTT interval for alternative 1 of [1] suggests that if alternative 1 is adopted in TDD, the opportunity of retransmission with the applicable delay bound is potentially reduced. For example, for the case of TDD configuration 0, for a cell-edge UE not configured to use bundling, 5 transmissions (including re-transmissions) would be feasible in 50ms maximum delay period, with a corresponding 2 transmissions feasible in a 20ms period. Correspondingly, if bundling is enabled, the total number of transmissions (including re-transmissions) feasible in 20ms and 50ms respectively are 1 and 2 transmissions respectively. 
3. Impact of Bundling on TDD Configurations

For TDD, some TDD specific issues need to be considered taking into 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 the 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 with alternative 1 (based on the agreed number of UL HARQ processes [6] and HARQ timing [5]):
· 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 if initial transmission must be with consecutive subframes; size 4 if initial transmission can be nonconsecutive subframes) 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). 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.  One example is illustrated in Figure 1.
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Figure 1. UL HARQ with bundling of three subframes Timing for TDD Configuration 0 with three subframes in a bundle as one example
· Configuration 1, 2DL+DwPTS:2UL: Bundle size of 2 consecutive UL subframes (n=2,3 or 7,8) is possible if initial transmission is required to be consecutive. The size 4 is feasible if initial transmission can be nonconsecutive subframes. Similar to configuration 0, bundling alternative 1 needs an extra retransmission delay.
· Configuration 2, 3DL+DwPTS:1UL: Only 1 UL subframe every 5ms, even initial consecutive subframes in a bundle are impossible. Moreover, considering the potential application of this DL dominant configuration, bundling is probably not necessary. Therefore, we recommend NOT to support bundling for this configuration. 
· Configuration 3, 6DL+DwPTS:3UL: Can support bundle of size 2 or 3 consecutive UL subframes within a radio frame if initial transmission is required to be consecutive. 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 [5], 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.  However, if timing modification is not possible, then a factor of 2x delay is introduced in HARQ RTT - if the first subframe in a bundle is subframe n then any HARQ retransmissions begins in subframe n+2*HARQ RTT. If bundle size 4 is necessary, the transmissions can be on nonconsecutive subframes for first transmission, but the timing is quite complex and the delay is probably too high. Therefore, we recommend NOT to support size 4 or more for this configuration.
· 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. However, if timing modification is not possible, then twice delay is introduced in HARQ RTT - if the first subframe in a bundle is subframe n then any HARQ retransmissions begins in subframe n+2*HARQ RTT. If bundle size 3, 4 is necessary, the transmissions can be on nonconsecutive subframes for first transmission, but the timing is quite complex and the delay is probably too high. Therefore, we recommend NOT to support size 3, 4 or more for this configuration.
· Configuration 5, 8DL+DwPTS:1UL: Only 1 UL subframe every 10ms, even initial consecutive subframes in a bundle are impossible. Moreover, considering the potential application of this DL dominant configuration, bundling is probably not necessary. Therefore, we recommend NOT to supported bundling for this configuration.
· 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. 
4. Other issues
To support 4 subframes in a bundle even for the first transmission, non-consecutive subframes bundling must be supported. The spacing can be good with higher time diversity, but it also introduces a larger latency with HARQ processing and makes scheduling more complicated. Others problems introduced by non-consecutive bundling such as channel estimation at eNB, UL power control, will bring some slight loss of performance. Also one potential issue we may face is running out of uplink resources if too many subframes are bundled or too many retransmissions occur. For this case, maybe some constraints can be made by RRC signaling since bundling is configured there.
5. 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 in first transmission can be supported by TDD configurations 0, 1, 3, 4, 6.  Retransmission may occur with non-consecutive subframes.
· Bundle size of 3 consecutive UL subframes in first transmission can be supported by TDD configurations 0, 3, 6. Retransmission may occur with non-consecutive subframes.
· Bundle size of 4 is possible to be supported by TDD configurations 0, 1, 6. However, the UL subframe allocation, even for initial transmission, is nonconsecutive.
· Bundling is not recommended for configuration 2 and 5.
· 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 [1]).
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APPENDIX A – UL TDD HARQ Timing Diagrams [5] 
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