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1
Introduction

In RAN1#63, additional details on Rel-10 UE categories were finalized (R1-106523, [1]), including the data rates, total number of soft channel bits, etc for the new UE categories. A previous RAN1 LS (R1-105095, [2]) contained agreements on Rel-10 UE categories, including CA capability and an initial set of combinations of CA and MIMO capabilities for UE categories 3 and 4, as well as the new Rel-10 UE categories 6-8 (Shown in the Appendix).  This contribution discusses some options for soft buffer partitioning when a UE is configured to receive two or more DL component carriers (CC). 

2
Background

In Rel-8, the soft buffer size for a transport block (on the downlink) is given by NIR which is defined as follows:
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where: Nsoft is the total number of soft channel bits (i.e. total soft buffer based on the UE Category, as defined in TS36.306).
KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4 or 8 (i.e. two TBs per HARQ process), 1 otherwise (one TB per HARQ process).

MDL_HARQ ​is the maximum number of DL HARQ processes (which is fixed to 8 for FDD, and variable for TDD, based on the DL/UL Configuration) and Mlimit = 8.

Essentially, for FDD, Rel-8 specification specifies LBRM based on partitioning of the total available soft channel bits (or soft buffer) into eight equal-sized partitions (for KMIMO=1) or sixteen equal-sized partitions (for KMIMO=2). 

Similar to Rel-8, each Rel-10 UE category offers a total number of soft channel bits.  However, with CA being a UE capability, it then raises an issue of how the above LBRM procedure (TS 36.212) is affected when multiple CCs are configured for a UE. The next section discusses some options for sharing the soft buffer between multiple CCs.  

3 Soft buffer partitioning for CA 

When a UE is configured with Ncarrier DL CCs and the corresponding UE category has Nsoft as the total soft buffer (based on UE Category), the following are some options for soft buffer assignment between the multiple CCs. (Once a per-CC soft buffer size is determined, it is divided equally between the HARQ processes of that CC, similar to Rel-8 mechanism.)
Option 1:  Equal soft buffer partitioning ([3])

The total soft buffer is partitioned equally between the DL CCs and the soft buffer size for the CC- nc (1≤nc≤Ncarrier) is given by:
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Option 1 follows the Rel-8 principle of dividing the available soft buffer into equi-sized partitions even though the transport block sizes associated with (i.e. stored in) the partitions may be widely varying. Note that unequal partitions of the soft buffer between two MIMO codewords (in a ratio proportional to the MCS of the codewords) was considered in Rel-8 [5] but equal partitions was finally agreed. Option 1 works well as long as the data rates offered by the different CCs (at the UE) are not significantly disproportionate with respect to the soft buffer allocation. That is, option 1 is not preferable if a CC (e.g. 1.25MHz) takes up a significant partition of the soft buffer, but does not contribute any significant portion to the aggregate data rate and in some instances blocks the other CC (e.g. a 15 MHz) from scheduling high MCS’s. However, such blocking happens only in the extreme combinations of CC bandwidths. 

Option 1 is no different from Rel-8 wherein the soft buffer partitioning is equal sized between two codewords irrespective of the transport block sizes associated with the codewords. In Rel-8, for a Cat 3 device with K_MIMO=2, the first codeword can have a transport block size (75376 for (MCS=26,NRBs=100)) that is three times that of a second codeword (25456, (MCS=13,NRBs=100)). Each TB is assigned 77328 soft channel bits, leading to a coding rate of ~ 0.97 for the first codeword and 0.33 for the second codeword. Thus Rel-8 already allows the coding rates within a soft buffer partition to approach close to 1, which is similar to what Option 1 will offer in case of CA for some combinations of MCS/RB/CCs. In summary Option 1 is a simple and effective way of extending Rel-8 principles to soft buffer partitioning in CA.
Option 2:  Soft buffer partitioning according to the capacity of each component carrier which can be derived from the UE capability parameters of DL MIMO and CA ([4])
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Where Ncarrier is the total number of UE-specific aggregated component carriers, Lmax(nc) is the maximum number of DL layers on the nc-th carrier. BW(j) is the bandwidth of the j-th component carrier in MHz. 

Option 2 requires the UE (and the eNB scheduler) to determine the soft buffer allocation for each configured CC based on the UE capability parameters and the bandwidth of the aggregated carriers. This option allows the soft buffer to be split equally or unequally between multiple DL CCs without explicitly relying on RRC signalling for the soft buffer partition information. However, Option 2 does not provide the scheduler any more flexibility than Option 1. Option 2 forces the scheduler to handle an unequal soft buffer split between the multiple CCs even though the scheduler may prefer to operate with equal split of the soft buffer or a different explicit split of the soft buffer than imposed by Option 2. Thus, Option 2 is not  preferable over techniques that are simpler or allow the scheduler more control over the soft buffer partitions. 

Option 3: Soft buffer partitioning according to higher layer signaling 

With this option, the default solution is to do an equal partitioning of soft buffer between the DL CCs (i.e Option 1 is default). However, the eNB is also allowed to configure the soft buffer per CC explicitly. For instance, the soft buffer for component carrier nc (1≤nc≤Ncarrier) 
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is obtained via higher layer-signaling subject to the constraint 
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 i.e. the total sum of the soft buffer assigned to all the CCs does not exceed the available soft buffer. Option 3 provides more flexibility and freedom to the scheduler compared to Option 2. To reduce testing complexity or other concerns with Option 3, it is possible to limit the explicit soft buffer assignment to a small number of “states” as deemed necessary. For instance, with two component carriers, the soft buffer size per CC may be determined as a fraction (f) of the total soft buffer, i.e. 
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 where f (n​c)= 0.25, 0.5, 0.75, respectively, implying an equal split between the two CCs (0.5,0.5), or unequal split between the two CCs (0.25,0.75) or (0.75,0.25). Of course, equivalent methods can be used to extend this scheme to more number of CCs. 
3
Conclusions

This contribution discusses the pros and cons of soft buffer partitioning options when a UE is configured to receive two or more DL component carriers (CC). It is proposed to consider the issues discussed in this document when finalizing soft buffer partitioning for CA. 
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Appendix A
Layers/CA combinations of interest from [1] (Note:  Category 8 is now defined to support five DL Component carriers). 

                       Rel-8/9 UE categories 


             New Rel-10 UE categories 
	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 1
	
	

	Category 2
	
	

	Category 3
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 4
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 5
	
	


	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 6
	1/20MHz
	4

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 7
	1/20MHz
	4 

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 8
	[2/20+20MHz]
	[8]
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