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Discussion and decision
1 Introduction
Synchronous HARQ transmission entails operating the system on the basis of a predefined sequence of retransmission packet format and timing [1]. Compared to asynchronous HARQ, synchronous HARQ has less control signaling overhead, lower operational complexity and some other benefits [1]. 
However, if frequency scheduling is adopted and different users can have different working bandwidth, description of synchronous HARQ in [1] may require more detailed definition. In this contribution, we raise our concerns on sync HARQ in case of uplink frequency scheduling. 
2 HARQ in case of frequency scheduling
Based on the description in [1], there may exist several different understandings about present synchronous HARQ, to be clear, we define 3 types of synchronous HARQ according to different frequency domain attributes. They will be analyzed from the aspects of control signaling overhead, performance and frequency harmonization among multiple users. The last aspect means whether it’s harmonious to allocate chunks among re-transmission users and newly-scheduled users. 
· The retransmission number of chunk(s), chunk allocation and timing are all predefined, denoted as Sync_HARQ_1;
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Figure  1 sync HARQ with predefined retransmission number of chunk(s), chunk allocation and timing
In Sync_HARQ_1, shown in figure 1, because of the 3 predefined factors, the control signaling overhead may be only for the 1st transmission, so the control signaling can be significantly reduced. Otherwise, soft combining can be used for control signaling if it is transmitted during re-transmission. Given the time-variant channel, it may be less efficient for the retransmission users because retransmissions are always allocated at the same chunk(s). 
As to the harmonization among users, under the restriction of SC-FDMA in uplink for lower PAPR, the consecutive chunks in frequency domain should be used for scheduled data transmission. However, in Sync_HARQ_1, the available consecutive chunks for newly-scheduled users are restricted by previously scheduled users. As shown in figure 1, even there are 2 chunks available at 5th TTI, a user who requests for 2 chunks can not be satisfied because of the non-consecutive chunks. 
· The retransmission number of chunk(s) and timing are predefined, but the retransmission chunk allocation can be changed according to channel quality and other factors, denoted as Sync_HARQ_2; 
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Figure  2  sync HARQ with predefined retransmission number of chunk(s), timing and variable retransmission chunk allocation
In Sync_HARQ_2, shown in figure 2, the variability of retransmission chunk allocation leads to more control signaling overhead than that in Sync_HARQ_1. However, it may have better performance. What’s more,  Sync_HARQ_2 leads to better harmonization among users in that the retransmission users’ chunks can be reallocated according to channel quality and the frequency bandwidth request of newly-scheduled users. As shown in figure 2, the retransmission users’ chunks can be reallocated according to channel quality, so user5 can use different chunk at its retransmission. At 5th TTI, if user 2 and user 4 have finished data transmission and there is a newly-scheduled user requesting for 2 chunks, the chunk of user 1 or user 3 could be reallocated according to respective channel quality and the request of newly-scheduled user to form consecutive chunks for this newly-scheduled user. It is beneficial to those who support high data rate, and certainly this will decrease the performance of retransmission user 1 and 3 to some extent.

· Only the retransmission timing is predefined, the retransmission number of chunk(s) and chunk allocation can be changed, denoted as Sync_HARQ_3.
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Figure  3 sync HARQ with predefined retransmission timing, variable retransmission number of chunk(s) and chunk allocation
In Sync_HARQ_3, shown in figure 3, the control signaling overhead is obviously increased.  Similar to the analysis of Sync_HARQ_2, this results in better performance and better frequency harmonization among users. 
3 Conclusion
Based on the description in [1], there may be different understandings on synchronous HARQ in case of frequency scheduling. From analysis in section 2, 3 types of synchronous HARQ considering different frequency attributes show different benefits in different aspects. It needs further consideration and simulation to evaluate which one is the best. We’d like to add some clarifications of synchronous HARQ in the following TP.
------------------------------------------ Start of TP -------------------------------------------------------
Text proposal for 25.814

9.1.2.5
HARQ
Uplink hybrid ARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
The capability of adaptively being able to change the packet format (i.e., adaptive IR) and the transmission timing (i.e., asynchronous IR) yields an adaptive, asynchronous IR based HARQ operation. Such a scheme has the potential of optimally allocating the retransmission resources in a time varying channel. For each HARQ retransmission, control information about the packet format needs to be transmitted together with the data sub-packet.

Synchronous HARQ transmission entails operating the system on the basis of a predefined sequence of retransmission packet format and timing.  
If frequency scheduling is adopted, there may be 3 types of synchronous HARQ:  

Alternative   I:   the retransmission number of chunk(s), chunk allocation and timing are all predefined;

Alternative II:  the retransmission number of chunk(s) and timing are predefined, but the retransmission chunk allocation can be changed.

Alternative III: only the retransmission timing is predefined, the retransmission number of chunk(s) and chunk allocation can be changed
It needs further study to evaluate which one is the best.
The benefits of synchronous HARQ operation when compared to adaptive, asynchronous IR based HARQ operation are: 

· Reduction of control signalling overhead.
· Lower operational complexity.
· Possibility to soft combine control signalling information across retransmissions for enhanced decoding performance.
Therefore, for the purpose of the feasibility study, synchronous HARQ operation is assumed for the SC-FDMA based E-UTRA uplink. The impact of ACK/NAK signalling errors on synchronous HARQ operation needs further study.

Adaptive asynchronous HARQ is for further study.
------------------------------------------ End of TP -------------------------------------------------------
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