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1. Introduction
In recent meetings, RAN1 agreed the LBRM algorithm [1] and soft memory sizes for LTE UEs [2]. One remaining issue is how to distribute the soft memory between HARQ processes and MIMO streams. As a first step, the default soft memory split must be defined by LTE specifications, irrespective of possibly providing an option to reconfigure this per HARQ process [3].
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).

We propose notifying RAN2 of the RAN1 conclusion on this topic.

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 [4] 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 [5]).

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.
· 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 all received bits into the soft buffer at lower minimum coding rates, leading to 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.
NIR is defined in [6], 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 [6], with Nsoft , KMIMO and MDL_HARQ signalled by the higher layers and NIR derived rather than explicitly signalled.

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 is 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 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 1%.

· For KMIMO = 2, the likelihood that more than 18 transport blocks (out of 24 or 30) result in a NAK is around 0.01% or less.

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.
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