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1. Introduction

3GPP RAN1#51bis agreed to employ limited buffer rate matching (LBRM) as described in [1] and the LBRM‑enabled soft buffer sizes for the five UE categories as specified in R1-080567 and latest 36.306 [2]. With LBRM, a limited circular buffer size Ncb is determined by dividing a quantity NIR into C (approximately) equal portions. In LTE the limited circular buffer contains dummy bits which are not transmitted and for which no storage is needed. Thus, NIR associated with a soft buffer size needs to be set by the higher layer signalling for the LBRM operation in [1]. Though a straight-forward association of the NIR with the soft buffer size can be done (by equating the two), this document shows another simple way of setting NIR to maximize soft buffer utilization. When the NIR is divided into C (approximately) equal portions, the resulting circular buffer size Ncb produces near‑100% utilization of the UE’s physical soft buffer. This contribution shows some simple ways of deriving NIR (and more importantly Ncb) from a physical buffer size NsoftCh and shows examples for the five UE categories. 
2. Discussion
Rate-matching in LTE is performed on a per-code block basis by forming a virtual circular buffer (VCB) and subsequently transmitting a portion of the VCB. A rectangular interleaving step is essential to the formation of the VCB. In order to describe the concept of m×n rectangular interleaving with a non‑full rectangle (i.e., not all positions of the m×n rectangle are occupied), dummy bits are used to occupy the unused positions in the rectangle. The dummy bits are subsequently skipped when selecting bits from the VCB to transmit. 

With full buffer rate matching (FBRM) the entire VCB is made available for transmission. However, with LBRM only the first Ncb bits of the VCB are made available for transmission, where



[image: image1.wmf]÷

÷

ø

ö

ç

ç

è

æ

ú

ú

ù

ê

ê

é

+

ú

û

ú

ê

ë

ê

=

32

4

96

,

min

K

C

N

N

IR

cb


(1)

for a K‑bit code block from a transport block comprising C code block segments.  In LTE, however, as seen in Equation (1) the value of NIR is used to determine a length of a virtual (dummy‑filled) buffer. Therefore, in LTE NIR represents a dummy‑filled buffer size rather than an actual (slightly smaller) physical buffer size and the NIR value to be used is signaled by higher layers as per [1].

The following relation can be used to compute the NIR based on the physical soft buffer size per process:


NIR = NsoftCh + Cmax * Ndummy
(2)
where Cmax is the maximum number of code blocks that will be contained in the buffer and Ndummy is the number of dummy bits per code block at the minimum (per‑code block) mother code rate, referred to below as Rmin. Thus, the Ndummy value can be set based on Rmin for each category. Figure 1 plots the number of dummy bits against the minimum per‑code block code rate for the 3072‑bit and 6144‑bit code blocks.
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Figure 1. Number of dummy bits per code block versus the per‑code block code rate.

Given the agreed‑upon UE category parameters, Figure 1 can be used to determine NIR for each category. The results are tabulated in Table 1, which records the maximum transport block size sum of bits (TBSmax), the resulting maximum number of code blocks (Cmax), the approximate minimum code rate (Rmin), the required physical soft buffer size (NsoftCh), and the resulting Ndummy and NIR. Note that for UE Category 3, 100,048 is used instead of 100000 as the former requires no filler bits, which is per the way-forward on TBS discussion – this will require a minor update of [2]. Also, for illustration, for the higher UE categories the value in second column is chosen as the maximum per-codeword TBS, while it is understood that it is rather sum of  TBS bits with per-codeword limit set as per current 36.306.
Note that for categories 1 and 2, the mother code rate Rmin(1/3, and hence from Figure 1 we have Ndummy=84 which basically enables the FBRM. For categories 3, 4, and 5, with mother code rate Rmin(2/3, although Figure 1 seems to indicate Ndummy=42, over all transport block sizes the per‑code block code rate may be slightly higher than 2/3, thus suggesting a choice of  Ndummy=40. The NIR values in Table 1 enable utilization of 99.95% of the NsoftCh soft buffer locations at the largest TBS. Total soft buffer size utilization with the selected NIR value for all possible TBS (with no filler bits) (  the maximum TBS shows that the NIR functions properly for all TBS with high utilization. Finally, it is noted the principle described in this document can be applied to other scenarios including dual codewords.

Table 1. Example NIR settings for UE categories.
	Category
	TBSmax
	Cmax.
	Rmin
	NsoftCh 
	Ndummy
	NIR

	1
	10040
	2
	1/3
	30360
	84
	30528

	2
	50000
	9
	1/3
	150828
	84
	151584

	3
	100048
	17
	2/3
	150924
	40
	151604

	4
	150112
	25
	2/3
	226404
	40
	227404

	5
	300064
	50
	2/3
	452532
	40
	454532


Note that this table is for illustrative purpose only. It cane be seen that there are several ways of treating the NIR value setting. The following is a better alternate choice.

Another alternative to setting NIR would be to simply choose Ndummy= 0 i.e., and make NIR equal to NsoftCh for the last three UE categories. With this simplification, a 99.5% soft buffer utilization for the maximum TBS value = 100,048 for UE category 3 is obtained (and similar figures are obtained for Categories 4 and 5).  Also, to enable FBRM for categories 1 and 2, the following condition can be added to override the Ncb calculation in 36.212: if UE Cat = 1 or 2, make Ncb = Kw. 
3. Conclusions

This document shows that there are several ways in which the NIR can be set for proper LBRM operation. Thus, it is recommended to not change the WA on virtual circular buffer concept. 
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