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1 Introduction

The allocation of Un subframes is under discussion in RAN WG1 [1] - [4]. This contribution proposes a subframe allocation scheme for FDD that allows operating Uu as well as Un links according to the LTE Rel.8 HARQ scheme. A comprehensive analysis of HARQ timing issues can be found in [5].
2 Background

LTE HARQ processes are based on implicit timing relations. In FDD, an UL grant in subframe n points to the corresponding UL transmission in subframe n+4. An UL transmission in subframe n is acknowledged by a DL ACK/NACK feedback in subframe n+4. A DL transmission in subframe n is acknowledged by an UL ACK/NACK feedback in subframe n+4.
3 Discussion
In order to allow maximum re-use of Rel.8 principles, we propose the following allocation of Un subframes: 

Proposal 1 Each DL Un subframe at position n is followed by a UL Un subframe at position n+4.
This scheme ensures that for each Un DL transmission an ACK/NACK feedback is available. Furthermore, for each Un UL transmission an UL grant can be issued. The timing of DL transmission and the corresponding HARQ feedback as well as UL grant and the following UL transmission is according to Rel.8. Due to the implicit timing relation, Uu signaling formats of LTE Rel.8 can be re-used for the Un interface. 
Furthermore, the allocation scheme ensures minimum impact on UE HARQ processes: For each Uu DL transmission a Uu UL ACK/NACK feedback is available. Note that, other Uu timing relations are met as well, which is due to the availability of L1/L2 control even in MBSFN subframes.
This Un subframe allocation scheme ensures that scheduling decisions for a particular subframe, i.e., initial Uu/Un transmissions and Uu/Un
 re-transmissions, can be taken by the donor eNB at exactly the same point in time. This characteristic feature allows maintaining an efficient scheduling at the donor eNB. Otherwise, scheduling decisions for Un, e.g., initial Un transmissions triggered by an UL grant, and scheduling decisions for Uu, e.g., non-adaptive Uu re-transmissions triggered by a NACK on the PHICH for a particular subframe would have to be taken at different points in time. When scheduling Un traffic prior to Uu traffic, the eNB does not finally know if there will be Uu traffic colliding with the Un traffic. Solving that problem leads to a waste of UL resources and degraded Un performance if the eNB prioritizes Uu transmissions. Alternatively, it leads to degraded Uu performance if the eNB prioritizes Un transmissions. 

The proposed scheme defines only the time relation between Un DL and Un UL subframes; it does not restrict the allocation of Un subframes in general. Hence, the donor eNB can allocate Un subframes in any possible manner, for instance, Un subframes can be allocated with an 8ms period to reduce the number of potentially suspended Uu HARQ processes. Alternatively, Un subframes can be allocated with a 10ms period to best fit to short SPS scheduling intervals [5]. 

The scheme implies that there is an equal number of UL and DL Un subframes, which is very reasonable, see [4]. Note that, the ratio between Uu to Un subframes may vary.

The proponed scheme can be applied to a Un HARQ scheme with or without an (R-)PHICH
. Furthermore, the proposed scheme can be applied to a Un HARQ scheme with synchronous or asynchronous retransmissions
. 
4 Summary & Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1
Each DL Un subframe at position n is followed by a UL Un subframe at position n+4.
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� Adaptive Un re-transmissions triggered by an UL grant comply to the scheduling times. Non-adaptive Un re-transmissions triggered by a NACK on the R-PHICH comply to the scheduling time only if the re-transmission is synchronous.


� An (R-)PHICH that does not meet the n+4 timing relation with the re-transmission opportunity would degrade scheduling performance due to diverging scheduling times of initial Un UL transmissions and Un re-transmissions.


� Asynchronous re-transmissions would require a new UL grant signaling format indicating the Un UL HARQ process ID.






2/2
2010-02-16

