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1. Introduction
CA introduced new soft buffer overbooking issue, and related MAC CR was in principle agreed in last meeting. There is another overbooking issue in TDD from Rel-8/9, the current MAC procedure could resolve TDD overbooking issue in some degree, but could not resolve TDD problem completely. This contribution gives our analysis and preference on the TDD overbooking issue. 
2. Discussion
2.1. Different soft buffer overbooking issues

1) CA overbooking issue

RAN1 LS [1] gives the description of CA overbooking issue as below. In short, the CA overbooking issue is that the UE could only store part of soft channel bits for one TB, and there is a non-zero soft buffer for each TB.
	Regarding eNB rate matching, the following agreement was made:

1. Soft buffer size given by Table A1 in Annex is assumed for rate matching at eNB, which is reflected in TS36.212 as shown in the attached CR (R1-111863).

Based on the above agreement on rate matching, for Category 6/7 UEs supporting maximum 4 spatial layers and Category 1-5 UEs, it can happen that when multiple component carriers are configured and a larger TBS is scheduled, the eNB transmits more code bits than the UE can store in its soft buffer based on the number of soft channel bits defined in TS 36.306. Thus, RAN1 has agreed to specify the UE behaviour on how to store the received soft channel bits, of which the principle is described as follows:

2. UE first attempts decoding based on all received soft channel bits (and additionally for retransmissions, any stored soft channel bits). On the decoding failure of a code block, a UE may discard some of the received channel bits, where the UE shall store at least the received soft channel bits in the specified range, assuming a circular buffer, starting from non-zero soft channel bits. In storing the soft channel bits, the UE should prioritize the received soft channel bits with lower index corresponding to the bits in the circular buffer. UE behaviour based on the principle is specified in TS 36.213 as shown in the attached CR (R1-112012). 




An example is given in Figure-1. In the example, green block means the actual soft channel bits for one TB, the yellow block means the actual stored bits in UE soft buffer.
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Figure-1: Example for CA soft buffer overbooking
2) TDD overbooking issue

For TDD, in each configured serving cell, the maximum DL HARQ process number may be larger than 8 in some TDD configurations, as shown in Table-1. When considering the soft buffer size storing for each TB, the maximum process number is only limited on 8 [5]. 
Table-1: Maximum number of DL HARQ processes for TDD

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	4

	1
	7

	2
	10

	3
	9

	4
	12

	5
	15

	6
	6


In Rel-8/9, the TDD overbooking issue is that UE can at most store the soft channel bits for 8 HARQ processes simultaneously. If there is the data of 9th HARQ process coming, there is no room in soft buffer to store it.
An example is given in Figure-2. In this example, TDD UE is configured in non-CA mode with TDD configuration 2 and KMIMO =1. There has been 8 TBs decoding failure and stored in UE soft buffer, and then new TBs (#8 or #9) is coming, there is no room in soft buffer to store it. Green block means the actual soft channel bits for one TB, the yellow block means the actual storing bits in UE soft buffer, and the number #N means the TB’s number.
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Figure-2: Example for TDD soft buffer overbooking
From the above analysis, it can be seen that the CA overbooking issue is that the soft buffer size (non-zero) for one TB is not enough and the TDD overbooking issue is that there is no soft buffer (zero) for one TB in some cases. 
Observation 1: The TDD soft buffer overbooking issue is different from the CA overbooking issue.
2.2. Current behavior in specification
In RAN1 specifications [4] [5], it is very clear on the discarding behavior in CA overbooking case, but there is no description on the behavior in TDD overbooking case. In other words, it can be explained as it is left to UE implementation. But following the current DL HARQ process procedure in MAC spec [3], UE should store the data in soft buffer if the data is not decoded successfully, which is also applied in TDD overbooking case. But in TDD overbooking case, there is no room in soft buffer for it.
	The UE then shall:
      …………
      …………
-
if the data which the UE attempted to decode was successfully decoded for this TB; or 

-
if the data for this TB was successfully decoded before:
…………
…………
-
else:
-
replace the data in the soft buffer for this TB with the data which the UE attempted to decode.
…………
      …………


Observation 2: Current MAC DL HARQ process procedure is not appropriate for TDD overbooking case.
To make the behavior for TDD overbooking issue clear and reasonable, we propose to address the issue in MAC specification.
Proposal 1: It is proposed to address the TDD soft buffer overbooking issue in MAC specification.

2.3. Potential solutions
For TDD overbooking issue, there are three possible solutions:
· Alt 1: eNB does not schedule UE using more than 8 DL processes;

It could avoid the overbooking issue occurring, but would reduce the downlink throughout and resource utilization;
· Alt 2: UE discards the TB if there is no room in soft buffer;
eNB could learn which TB is discarded, and use RV=0 for the discard TB retransmission.

· Alt 3: UE replace the old data for other TB in soft buffer for the new TB.
eNB could not learn which TB is discarded, and could not use the special RV value for retransmission.
Comparing the above three alternatives, Alt2 is simple and has better retransmission performance. Hence, we propose to adopt Alt2 when TDD overbooking occurs.

Proposal 2: For TDD, UE should not store data for a TB if there is no room in soft buffer.
Related Rel-10 CR is provided in [6]. 
Since TDD overbooking issue also exists in Rel-8/9, in order to clarify the UE behavior in TDD overbooking case, we propose to make the same changes in Rel-8/9 specification.
3. Conclusion
Based on the analysis in section 2, we give two proposals as below:
Proposal 1: It is proposed to address the TDD soft buffer overbooking issue in MAC specification.

Proposal 2: For TDD, UE should not store data for a TB if there is no room in soft buffer.

Related CR is provided in [6]. 
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	7.1.8

Storing soft channel bits
Both for FDD and TDD, if the UE is configured with more than one serving cell, then for each serving cell, for at least 
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 transport blocks, upon decoding failure of a code block of a transport block, the UE shall store received soft channel bits corresponding to a range of at least 
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 are defined in Section 5.1.4.1.2 of [4]. 
MDL_HARQ is the maximum number of DL HARQ processes.
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If the UE signals ue-Category-v10xy, 
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 is the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v10xy [11]. Otherwise, 
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 is the total number of soft channel bits [12] according to the UE category indicated by ue-Category[11]. 

In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. 
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	5.1.4.1.2
Bit collection, selection and transmission 
The circular buffer of length 
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 for the r-th coded block is generated as follows:
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for k = 0,…, 
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Denote the soft buffer size for the transport block by NIR bits and the soft buffer size for the r-th code block by Ncb bits. The size Ncb is obtained as follows, where C is the number of code blocks computed in section 5.1.2:

-
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for DL-SCH and PCH transport channels
- 
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for UL-SCH and MCH transport channels

where NIR is equal to:
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where:

Nsoft is the total number of soft channel bits [4].

KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4, 8 or 9 as defined in section 7.1 of [3], and is equal to 1 otherwise.

MDL_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 of [3].

Mlimit ​is a constant equal to 8.
Denoting by E the rate matching output sequence length for the r-th coded block, and rvidx the redundancy version number for this transmission (rvidx = 0, 1, 2 or 3), the rate matching output bit sequence is 
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Define by G the total number of bits available for the transmission of one transport block.
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 where Qm is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where

-
For transmit diversity:

-
NL is equal to 2,

-
Otherwise:

-
NL is equal to the number of layers a transport block is mapped onto

Set
[image: image32.wmf]C

G

mod

¢

=

g

, where C is the number of code blocks computed in section 5.1.2.
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 is the number of rows defined in section 5.1.4.1.1.

Set k = 0 and j = 0

while { k < E }


if 
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k = k +1


end if

j = j +1

end while
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