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1 Introduction

In current LTE FDD, UE could be scheduled once per subframe. For scheduling operation in alternative TDD frame structure, one proposal was to transmit the downlink control signalling in one subframe only in each half-frame [1] REF Ref_CATT \h 
. This contribution provides some analysis on this topic.
2  Discussion
In current 1.28 Mcps TDD HSDPA and Enhanced Uplink, for both uplink and downlink, UE is only scheduled once in 5 ms subframe period. For LTE FDD systems, one UE could be scheduled once per 1 ms subframe (please note that terminology “subframe” denotes different time span for 1.28 Mcps TDD, LTE FDD, and alternative TDD frame structure). When discussing the scheduling principle for alternative TDD frame structure, one natural question arises: whether UE should be scheduled once per subframe (abbreviated as per-subframe approach) or once per half-frame (abbreviated as per-half-frame approach)? Given the example structure in Figure 1 below, the question for uplink transmission is whether UE could be scheduled 2 times per 5 ms or only once per 5 ms.
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Figure 1 Example alternative TDD frame structure
The basic operation of per-subframe approach is quite similar to FDD, i.e. in every downlink subframe, DL scheduling and uplink grant could be transmitted. Multiple HARQ processes could be operated within one half-frame for one UE. For example, for downlink scheduling operation in Figure 1 above, Node B can operate maximum 5 downlink HARQ processes in subframe #0, #3, #4, #5, and #6 independently for one particular UE.
The benefits of per-subframe approach are:
· Maximum commonality with FDD system is achieved.
· It supports TDM multiplexing of transport channels within one half-frame. For example in Figure 1 above, for uplink transmission, Node B can schedule UE to transmit twice with different transport channels mapped to different subframes. Since we have already agreed that within one subframe, there is no transport channel multiplexing in physical layer, TDM of transport channels within one half-frame is critical to satisfy latency requirements.
The basic operation of per-half-frame approach is that UE is only scheduled once per half-frame in downlink and/or uplink. A single HARQ process is maintained for the aggregated data transmitted on all allocated subframes in a half-frame. There could be a subset of downlink subframes used to transmit downlink scheduling and UL grant, e.g. subframe #0 and #3 in Figure 1 are used for this purpose.
The benefits of per-half-frame approach are:

· Less control channel overhead: since UE is only scheduled once per half-frame, it should be possible that the associated control channel (PDCCH and ACK/NAK) can be reduced compared with per-subframe approach.

· Simpler Design for ACK/NAK: since there is only one UL/DL transmission in one half-frame, the corresponding ACK/NAK location can be easily configured even when the asymmetry between DL and UL allocation is quite large.
· Larger micro sleep gain: once UE has received both downlink scheduling and uplink grant, it does not need to receive other downlink slots other than those containing its scheduled data. Such operation can reduce UE power consumption especially when the DL/UL ratio is high. Please note that such gain might not be quite significant considering that EUTRA already supports DRX/DTX concept.
· Larger channel coding gain: for frequency domain scheduling, it would be desirable to schedule UEs on the frequency resources with better channel quality. In per-subframe approach, one way is to schedule UEs in multiple subframes and each subframe contains separately encoded data. On the contrary, in per-half-frame approach, Node B can transmit data in multiple subframes with one single code block. This can increase the channel coding gain therefore improve the performance.
3 Conclusion 
In this contribution, we discussed scheduling aspects for alternative TDD frame structure. Considering that this topic has wide impacts on control channel design, we would like to ask RAN1 to make a decision on which approach to take among the per-subframe and the per-half-frame approaches.
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