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1 Introduction

Currently the soft buffer size is identified as a topic that needs to be revisited for Rel-10. This is largely related to the Carrier Aggregation (CA) capability of the new UE categories that need to be defined for Rel-10. In defining the UE categories, factors including DL MIMO, UL MIMO, and CA Rel-10 enhancements were discussed in RAN1#62. An agreement and LS are captured in [1][2]. Considering the LS from RAN4 [5], two factors affect the soft buffer size dimensioning and should be accomodated by RAN1:

· The DL MIMO capability (i.e., the maximum number of supportable DL MIMO layers) is reported per supported CA– and non-CA– band. As stated in [5], “DL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported.”

· Various CA scenarios need to be supported, including intra-band contiguous CA and inter-band non-contiguous CA. It is not specified that each aggregated carrier has the same bandwidth.

This contribution discussed a design for soft buffer size definition which provides adequate soft buffer dimensioning flexibility. It is proposed that the design be adopted to complete the TS36.212.

2 Soft buffer size allocation for Rel-10 UE 
In Rel-10, multiple component carriers (10MHz or 20MHz) can be supported by UE category 1-8 for carrier aggregation feature. Thus the soft buffer size allocation needs to be redefined for LTE-A UE. With the agreed new UE categories for Rel-10 [1], a solution is proposed below. 
Firstly, the parameters involved are listed below.
· The parameters that are inherited from Rel-8 are:

Nsoft is the total number of soft channel bits.
MDL​​_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 of 36.213
Mlimit ​is a constant equal to 8.
· The parameters introduced to support Rel-10 are below.

Ncarrier is the total number of UE-specific aggregated component carriers that are configured.

KMIMO(nc) is equal to 2 if the UE is configured to receive PDSCH transmissions on the nc-th carrier, based on transmission modes 3, 4, 8 or 9 as defined in section 7.1 of [3], 1 otherwise.
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. For example, BW(j)=10 if j-th component carrier has a bandwidth of 10 MHz, BW(j)=20 if j-th component carrier has a bandwidth of 20 MHz. As an example, three carrier aggregation scenarios are highlighted in the Appendix to illustrate the cases where different component carriers have different bandwidths.
The design includes two steps.
1. First the soft buffer is divided between the aggregated component carriers according to the capacity of each component carrier which can be derived from the UE capability parameters of DL MIMO and CA. The parameters that need to be considered include: the bandwidth of each component carrier, and the maximum number of downlink layers supported by the UE in that band. From the total soft buffer size, the soft buffer size for the nc-th carrier, Nsoft(nc), is equal to:
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(1)

It is oberserved that Nsoft(nc) is determined by the UE category/capability parameters, not parameters that can be changed by dynamic or semi-static signalling (for example to change transmission mode) as along as the configured component carriers of the UE remain unchanged. Thus each component carrier can operate without accounting for other component carrier’s configuration change. Calculation according to (1) is necessary since the carriers assigned for a UE may have different bandwidth and/or different max number of layers. This is illustrated in the Appendix. 
2. For the nc-th carrier, the soft size for i-th TB is calculated as in Rel-8, substituting 
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As can be seen from (2), it is essentially the same as Rel-8. (2) is reduced to the Rel-8 equation if there is only one carrier.  Further, parameter
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, which can be modified separately for separate component carrier, is included by (2) to account for the MIMO mode change so that the soft buffer can be fully utilized.

Regarding the number of DL HARQ processes
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, for FDD MDL_HARQ = 8; for TDD MDL_HARQ is determined by the UL/DL configuration as indicated in table 7-1 of 36.213. It is expected that MDL_HARQ is the same across all carriers scheduled for a given UE.
The advantages of this design are:

· The soft buffer size budget for each component carrier is fixed and does not change depending on MIMO configuration and/or the activation/deactivation of a component carrier, which may change independently for the carriers, as along as the configured component carriers of the UE remain unchanged. Thus Nsoft(nc) can be defined by equations such as (1), or it can be explicitly defined as part of the UE category parameter.

· Within a component carrier, the soft buffer size for a TB is adjusted according to the MIMO mode configuration. Thus if there can be only one TB transmitted in a subframe for a component carrier, it can utilize the entire soft buffer dimensioned for a HARQ process of the nc-th carrier. If there can be two TBs transmitted in a subframe for a component carrier, then the soft buffer can be shared equally between them.

· The soft buffer size is allocated efficiently even if a same UE category includes different CA scenarios. As shown in the appendix, one value of “Total num. of soft channel bits” is defined for a given UE category. It is imperative that this resource can be utilized efficiently by the UE under a variety of CA scenarios.
3 Conclusions

In this contribution, the soft buffer size allocation for Rel-10 UE is discussed. It is proposed that the proposed method be adopted to make 36.212 complete. Specifically, it is proposed that 36.212 incorporate the following:
The soft buffer size for the nc-th carrier, Nsoft(nc), is equal to:
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Where Nsoft is the total number of soft channel bits. For the nc-th carrier, NIR is equal to:
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Appendix. Rel-10 UE Categories

The Rel-10 UE categories proposed in R1-105095 is repeated below. The combinations where two carriers can have different bandwidth and/or different max number of layers are highlighted.

Layers/CA combinations of interest (New Rel-10 UE categories)
DL
	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]


UL

	UE category
	UL CA capability
	UL layers

	Category 6
	1/20MHz
	1

	
	2/10+10MHz
	1

	
	1/10MHz
	2

	Category 7
	2/20+20MHz
	1

	
	1/20MHz
	2

	
	2/10+20MHz
	2(10MHz) 1 (20MHz)

	Category 8
	[2/20+20MHz]
	[4]


The table containing further refinements of the UE categories for LTE Rel-10 is repeated below [6].
	UE category
	Max. Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits
per TTI
	Max. num. of DL-SCH 
bits 

per TB

per TTI for (max # of supported DL layers)
	Total num. of soft channel bits
	Max. num. of UL-SCH TB bits per TTI
	[Max. num. of UL-SCH bits
per TB

per TTI] 
	Support for 64QAM 

	Category 6
	DL 300 Mbps / 

UL 50 Mbps
	301504
	149776 

(4 layers)

75376 

(2 layers)
	3667200
	51024
	51024
	No

	Category 7
	DL 300 Mbps /  UL 150 /100 Mbps
	301504
	149776 

(4 layers)

75376 

(2 layers)
	3667200
	150752/
102048 (Up-to RAN4)
	75376/51024 (Up-to RAN4)
	Yes/No

(Up-to RAN4)

	Category 8
	DL 3000 Mbps / 

UL 1500 Mbps
	2998560
	299856

(8 layers)
	35982720
	1497760
	149776
	Yes
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