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Discussion 
1 Introduction

RAN2 discussed TDD overbooking issue last meeting [1]. The discussion ended up with no conclusion, which brings the contribution to address the following issues  
· The number of soft buffers with more than 8 HARQ processes configured
· The desirable UE behaviour in case of overbooking
2 Discussion
The number of soft buffers

In general, the number of HARQ processes and the number of soft buffers should be same, because HARQ operation is designed above it. The principle is held valid for most cases. However in some of TDD configurations, more than 8 HARQ processes are defined as shown below in table 1 where it is not clear whether the number of soft buffers is same as the number of HARQ processes. 
<Table 1>

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	4

	1
	7

	2
	10

	3
	9

	4
	12

	5
	15

	6
	6


There is explicit specification in terms of the size of soft buffer as below;
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Nsoft is the total number of soft channel bits defined by UE category. MDL_HARQ and Mlimit is the number of DL HARQ process and 8. 
Above equation basically indicate that the size of a soft buffer is at most 1/8 of the total soft channel bit. Then one of natural interpretation would be that the number of the soft buffers is at most 8. 

Another interpretation is however possible that the equation only defines the size of a soft buffer and that the number of soft buffers is same as the number of HARQ processes, which means that soft buffer can be more than 8. The second interpretation can be realized by having more soft channel bits than required by UE category. 

Observation 1

The current specification can be interpreted by two different ways;
1. The number of soft buffers is bounded by 8. Hence total number of soft channel bits is as defined by UE category.
2. The number of soft buffer can be more than 8. Hence total number of soft channel bits is more than what is defined by UE category.
In fact, the second option is purely UE implementation which has no impact at all to the specification. In that sense this option is always a valid one. The question is more around the first option. Looking at the relevant RAN1 discussion [2], the first option seems to be the one that RAN1 has had in mind when they made relevant decision. It is proposed to confirm in RAN2 perspective that the first option is also valid.
Proposal 0
RAN2 confirms that having more than 8 soft buffers is a valid implementation for TDD configuration 2, 3, 4 and 5
Proposal 1

RAN2 confirms that soft buffer overbooking (i.e. the number of soft buffers is less than the number of HARQ processes) is allowed in TDD configuration 2, 3, 4 and 5
UE behaviour in case of soft buffer shortage
If the number of soft buffers is smaller than the number of HARQ processes, soft buffer shortage can in theory happen. The general reason for soft buffer shortage would be repeated decoding failures during a HARQ RTT.  On the other hand, because of the way that UE handles the received data in the current specification, soft buffer shortage may happen even during normal situation. In this section both cases described below are discussed.
· Case 1: Due to repeated decoding failure, no soft buffer is available when new data for other process than those currently used is received

· Case 2:Due to the data that was successfully decoded stored in the soft buffer, no soft buffer is available when new data for other process than those currently used is received  

Case 1: soft buffer shortage due to repeated decoding failure

As shown in figure 1, if decoding fails more than 8 times during a HARQ RTT, all the soft buffers are occupied by the unsuccessfully decoded data. 
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Figure 1

If new data arrives, UE first attempt to decode the received data. If decoding fails, and if all the soft buffers are occupied, there are three possible choices for UE to do.
1. UE discards the received data
2. UE overwrites a soft buffer with the received data 
3. UE overwrites a soft buffer or discards the received data  

There seems not much difference between the options. In principle, it is beneficial in performance point of view if ENB knows which TB is failed but not stored in the soft buffer so that retransmission for this TB uses RV0. If we go for the option 1, one can argue ENB is able to know it. However, if tdd-AckNackFeedbackMode
is bundling, ENB cannot tell whether soft buffer shortage happens or not (i.e. UE may send NACK even when some TBs are successfully decoded). All in all, option 1 is better if ENB is able to know whether soft buffer shortage occurs. If ENB is not able to know it other options may be better in a sense that UE can try to minimize energy waste by e.g. overwriting  the soft buffer where the accumulated energy is smallest or discarding the received data if the smallest accumulated energy is still bigger than the energy used for received data. 
Soft buffer shortage due to repeated decoding failure may not last long. The first thing ENB would do when it detects repeated decoding failure is to reduce the data rate (i.e. reduce the number of HARQ processes/TBs being used in parallel) because it is a strong indication of bad radio channel. Hence soft buffer shortage due to repeated decoding failure should happen rarely and disappear quickly.
We don’t see a good motivation to specify UE behaviour for the case 1 because 1) there is no single behaviour suitable for all cases and 2) it happens rarely.
Proposal 2
UE behaviour w.r.t soft buffer shortage due to repeated decoding failure is left to UE implementation. UE may discard the received data or overwrite a soft buffer with the received one.
Case 2: soft buffer shortage due to old remaining data
In the current MAC specification as summarized in table 2, it is likely that any given soft buffer is occupied by unsuccessfully decoded MAC PDU even if the latest decoding was successful. Only if all the previous initial transmissions were successful, the given soft buffer stays empty.

 <Table 2>
	Case
	Consequence
	Note

	Successful initial transmission
	Successfully decoded MAC PDU is forwarded to the disassembly entity; MAC PDU is not stored in the soft buffer
	Soft buffer may stay empty

	Unsuccessful initial transmission 
	Unsuccessfully decoded MAC PUD is stored  in the soft buffer
	Soft buffer is occupied

	Successful retransmission
	Successfully decoded MAC PDU is forwarded to the disassembly entity; MAC PDU stored before remains in the soft buffer
	Soft buffer is occupied

	Unsuccessful retransmission
	Unsuccessfully decoded MAC PUD is stored  in the soft buffer
	Soft buffer is occupied


The desirable UE behavior for the case 2 would be to replace the received new data with the old data that was successfully decoded before. Since case 2 is more normal case which happens frequently, it should be clearly specified in the specification.   

Proposal 3
If decoding of new data fails and no soft buffer is available, UE replaces data that was successfully decoded before with the new data

3 Conclusion
Followings are proposed; 
Proposal 0
RAN2 confirms that having more than 8 soft buffers is a valid implementation for TDD configuration 2, 3, 4 and 5
Proposal 1

RAN2 confirms that soft buffer overbooking (i.e. the number of soft buffers is less than the number of HARQ processes) is allowed in TDD configuration 2, 3, 4 and 5

Proposal 2
UE behaviour w.r.t soft buffer shortage due to repeated decoding failure is left to UE implementation. UE may discard the new data or replace old data of a HARQ process in a soft buffer with the new data of the other HARQ process.

Proposal 3
If decoding of new data fails and no soft buffer is available, UE replaces data that was successfully decoded before with the new data
Draft CR reflecting proposal 2 and 3 is attached in [3].
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