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1. Introduction
This is a revision of document R1-081475 from RAN1#52bis.

In recent meetings, RAN1 agreed the LBRM algorithm [1], soft memory sizes for LTE UEs [2] and the soft memory split for FDD [3]. One remaining issue is how to distribute the soft memory between HARQ processes and MIMO streams for TDD.
As a first step, the default soft memory split for TDD must be defined by LTE specifications, irrespective of possibly providing an option to reconfigure this per HARQ process [4][5].
In this document, we propose a straightforward default allocation of soft memory to HARQ processes, which can be summarized as follows:

· The soft buffer size agreed in [2] is applicable to both the FDD and TDD mode.

· Each HARQ process is allocated the same number of soft bits.
· Each MIMO codeword is allocated the same number of soft bits (if MIMO is configured for a UE).

· The TDD mode can achieve the peak data rate on each HARQ process. When the number of DL HARQ processes is large (12, 15), this is facilitated by overbooking the soft buffer.

2. Discussion and Proposal
The following two parameters are relevant to soft buffer usage:
· The total number of soft channel bits ([2], 36.306), defined separately for each UE category and denoted in the following by Nsoft.

· The soft buffer size NIR signalled per transport block to the rate matching algorithm ([1], 36.212).
The default linkage between the parameters Nsoft and NIR must be specified to ensure that both the eNB and UE configure their rate matching engines in a compatible way. The following linkage is proposed:
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(1)
where:
KMIMO ​– the maximum number of transport blocks that may be transmitted to a UE in one TTI, i.e. 2 if spatial multiplexing is configured for a UE, 1 otherwise. This information is provided to the UE via higher layer signalling [6] section 7.1.
MDL_HARQ ​– the maximum number of DL HARQ processes (8 for FDD; 4, 7, 10, 6, 9, 12, 15 for TDD depending on the DL/UL resource allocation as agreed in [7]).

Mlimit ​– a constant equal to 9.
The following comments and remarks can be made. We concentrate predominantly on UE categories 3, 4 and 5, although they also apply to categories 1 and 2 with the minimum coding rate scaled to 1/3:
· The agreed value Nsoft ([2], 36.306) was chosen such that all received bits fit in the UE soft buffer at peak data rate on each HARQ process and 8 HARQ processes, as long as the minimum coding rate cr ( 2/3. Equation (1) adheres to this agreement.
· For FDD, it was agreed to split the soft buffer equally between HARQ processes [3]. Equation (1) adheres to this agreement.

· When the data rate is lower than peak, or when the maximum number of HARQ processes is lower than 8 (TDD) then it is possible, gradually, to fit an increasing proportion of bits into the soft buffer, leading to lower minimum coding rates and IR improvements.
· When the number of HARQ processes exceeds 8, attempting to fit all received bits into the soft buffer (by setting Mlimit == MDL_HARQ) gradually increases the minimum coding rate, eventually leading to cr = (2/3)*15/8 = 1.25 in the case of 15 HARQ processes at peak data rate. Clearly, this would make the peak rate infeasible. Instead, by introducing the constant Mlimit, the minimum coding rate is guaranteed not to exceed cr = 0.75. Although, in the worst case, not all received bits can fit in the soft buffer for all HARQ processes at this coding rate, this is acceptable given (i) the very low probability of all 15*KMIMO transport blocks resulting in a NAK and (ii) the benefit of common memory setting for both FDD and TDD capable UEs.
· When spatial multiplexing is configured for a UE, each MIMO codeword is assigned the same value NIR. Since the MCS, NDI and RV are independently signalled for each MIMO codeword, the transport block size of either MIMO codeword on the same HARQ process may change irrespective of the reception status (success or failure) of the other codeword.. An attempt to define a dynamic NIR split in this case would lead to memory fragmentation and complicate soft buffer management.
NIR is defined in [8], section 5.1.4.1.2 as a parameter signalled by the higher layers per transport block. Accordingly, RAN 2 should be notified about RAN1 agreement on this topic, so that the relationship between Nsoft and NIR is captured in higher layer specifications. Alternatively, this could be captured in [8], with Nsoft , KMIMO and MDL_HARQ signalled by the higher layers and NIR derived rather than explicitly signalled. A suitable text proposal is provided below.
3. Analysis

The agreed soft buffer sizes [2] are dimensioned to fit all received bits at the coding rate of 1/3 for UE categories 1 and 2 with 8 HARQ processes. For UE categories 3, 4 and 5, all received bits fit into the soft buffer at the coding rate of 2/3 in the worst case, corresponding to the largest transport block set size. In this analysis, we concentrate on the more critical case of categories 3, 4 and 5. Also, we concentrate on the worst case scenario of the UE being scheduled the largest transport block set size; this is also referred to as operating at the peak data rate.

If NIR were set simply as 
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then the attainable code rate increases with the increasing number of HARQ processes, eventually exceeding 1. This is shown in table 1. Clearly, with this setting it is not possible to obtain peak data rates in the DL if MDL_HARQ is equal to 12 or 15, as the rate matching will wrap-around at or before the end of the systematic field. Conversely, if MDL_HARQ < 8 then a coding rate below 2/3 can be obtained.

Table 1  

	#HARQ processes
	4
	6
	7
	8
	9
	10
	12
	15

	min CR (worst case)
	0.333
	0.500
	0.583
	0.667
	0.750
	0.833
	1.000
	1.250


On the other hand, some pragmatism is needed when talking about soft buffer occupancy at peak data rates. Namely, the soft buffer and IR are required only if the 1st HARQ attempt fails. If this is a frequent occurrence then, essentially, the link is not operated at the peak rate. In other words, strictly speaking at peak data rate there is no need for the soft buffer.

Of course in practice some 1st transmissions will fail and the energy preserved in the soft buffer. However, under reasonable operating conditions, the chance that a large number of transport blocks fails is very low. This is illustrated in figure 1 for MDL_HARQ equal to 12 and 15. Assuming a NAK probability as high as 0.3:
· For KMIMO = 1, the likelihood that more than 9 transport blocks (out of 12 or 15) result in a NAK is lower than 0.5%.

· For KMIMO = 2, the likelihood that more than 18 transport blocks (out of 24 or 30) result in a NAK is lower than 0.02%.

Given these findings, it is very reasonable to overbook the soft buffer by setting NIR according to equation (1), enabling identical peak date rates and common memory size for both the FDD and TDD modes. In terms of memory management, advanced mechanisms such as dynamic memory sharing by multiple processes are not required. It suffices to maintain an array of pointers sized KMIMO*MDL_HARQ , mapping the transport block ID onto a memory chunk (all chunks are non-overlapping and of the same size) and a list of available pointers.
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Figure 1  The probability that more than X soft buffer partitions are occupied
 (i.e. probability that NAK is generated for >X transport blocks). P(NAK)=0.3 was assumed.
Annex A

This Annex provides further examples of how the proposal could be implemented. It should be noted that the intention is to exemplify simple (yet adequate) mechanisms, as more advanced implementation specific solutions are likely to be in place in practice.

A.1
Soft Buffer Split into KMIMO * Mlimit Equal Chunks
In the first example, shown in figure 2, the soft buffer is partitioned in a fixed manner into KMIMO * Mlimit chunks of length NIR. When MDL_HARQ = 10, 12 or 15, then the number of partitions is smaller than the maximum requirement, i.e.:
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therefore, a functionality that maps the HARQ process ID and MIMO codeword ID onto soft buffer chunk ID must be in place. There exists a very small probability, shown in figure 1, of soft combining being unavailable to a transport block. Note that this does not imply that the terminal is unable to decode the data on some HARQ processes. What it means is that, if the turbo decoding fails (with the target BLER dependent on the scheduler, typically 10-20%), the received energy is not available for soft combining and for such data normal ARQ applies.

On the other hand, each memory partition is large enough to fully accommodate all soft bits for the largest transport block size for a given UE category.

A.2
Soft Buffer Split into KMIMO * MDL_HARQ Equal Chunks
In the second example, shown in figure 3, the soft buffer is partitioned in a fixed manner into KMIMO * MDL_HARQ chunks of length NIR _tmp :
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With this partitioning, soft combining is always available to all HARQ processes and MIMO codewords. However, when MDL_HARQ = 10, 12 or 15 and KMIMO = 2 then, for the very largest transport blocks, only partial combining can be accomplished, as shown in figure 4. If HARQ TX 0 fails, a portion of the received energy is preserved for soft combining with future HARQ transmissions. 
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Figure 2  Soft buffer management example 1: overbooking the number of HARQ processes.
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Figure 3  Soft buffer management example 2: overbooking NIR.
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Figure 4  Partial soft combining (RV0 column offset was ignored for clarity).

Annex B

This annex shows how the proposal can be implemented in the L1 specification 36.212 v.820, without affecting higher layer specs.

----------------------------------------------------- start text proposal -----------------------------------------------------
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 subclause 5.1.2:

- 
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for downlink turbo coded transport channels
- 
[image: image18.wmf]w

cb

K

N

=

 


for uplink turbo coded transport channels

where NIR is equal to:
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where:

Nsoft is the total number of soft channel bits [36.306].
KMIMO is equal to 2 if spatial multiplexing is configured for a UE, 1 otherwise and is signalled by higher layers.

MDL_HARQ ​is the maximum number of DL HARQ processes signalled by the higher layers.

Mlimit ​is a constant equal to 9.

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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<text missing>
----------------------------------------------------- end text proposal -----------------------------------------------------
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