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1
Introduction

In RAN1#63bis , the following was agreed with respect to soft buffer partitioning. 

Agreed principles:

· Single CC performance shall not be degraded compared to Rel-8

· Total number of soft channel bits for cats 1-5 does not depend on number of supported CCs

Agreement:

K_MIMO is equal to 2 for TM9 for a given CC at least for the cases when DCI Format 2C is configured for the CC. 
Additionally a proposal for further discussion as a way forward (R1-110588) was put for email discussion. 

 This contribution discusses some options for soft buffer partitioning ([6-14]) when a UE is configured to receive two or more DL component carriers (CC). 

2
Background

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).

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 (as specified in TS36.306).  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 Comparison of Options for CA Soft buffer partitioning 

When a UE is configured with Ncarrier DL CCs and the corresponding UE category has Nsoft as the total number of soft channel bits (based on UE Category), the following are some options for soft buffer assignment between the multiple CCs. 
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 some very minor adjustments may be required to Option 1, e.g. for the case of DL Cat 6, 7 with two DL CCs ([6]) – align each CC with Cat 4 buffer size. Perhaps Cat 8 with (1,2,3,4) DL CCs may also be aligned similarly. 

· 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. Since many actual deployments will require symmetric CC bandwidths, Option 1 is more pragmatic.
The impact of Option 1 for the 2 CC, Cat 3 FDD case is further evaluated. Figure 3 illustrates the code rate per soft buffer partition as a function of the transport block size index that Option 1 offers for a UE category 3, FDD, and for different number of configured CCs (1 and 2, with different KMIMO values within each CC.). The X-axis indicates the index for each of the 178 Transport block sizes arranged in order of increasing sizes. The Y-axis indicates the code rate per soft buffer partition, i.e it is approximately transport block size plus CRC overhead divided by the amount of soft buffer available offered for that TB based on Option 1. The figure also draws two horizontal lines, one where the coding rate ~ 1/3, indicating roughly the TBS index where LBRM kicks in, and coding rate ~ 1, indicating, roughly the TBS index where LBRM starts discarding systematic bits (i.e. the corresponding TBS may not be supported  or i.e. the TBS gets blocked from scheduling). The Figure indicates the following: 

· For 2 CCs, KMIMO = 1, 

· Each TBS is offered roughly the same amount of soft buffer as that TBS would have received for 1 CC, KMIMO=2. 

· Many TBS (~ 150 out of 178) do not experience any performance impact because LBRM has not kicked in. 

· The remaining TBS (~28 out of 178) experience a higher coding rate although it is still less than 1, implying no TBS gets blocked by scheduling. This is true for any CC bandwidth <=20 MHz.  

· For 2 CCs, KMIMO = 2, 

· Each TBS is offered roughly half the same amount of soft buffer as that TBS would have received for 1 CC, KMIMO=2. 

· Many TBS (~ 130 out of 178) do not experience any performance impact because LBRM has not kicked in. 

· A first set of TBS (~30 out of 178) experience a higher coding rate although it is still less than 1, implying these TBS are not blocked by scheduling.

· A second set of TBS (~18 out of 178) experience a coding rate larger than 1, implying these TBS can get blocked from scheduling. Note that the corresponding TBS should be schedulable from the corresponding CC i.e. it refers to a valid PRB/I_TBS combination. The figure shows the following

· If CC BW is 10 MHz (e.g. in two CCs, 10 MHz + 10 MHz CA ) , then no TBS are blocked due to Option 1 soft buffer allocation and the max data rate per CC is 2 x 36696 ~73 Mbps.

· If CC BW is 15 MHz (e.g. in two CCs, 5 MHz + 15 MHz CA ), then TBS > 37888 get blocked e.g.( NRBs = 75, I_TBS = 22) is blocked from scheduling. This implies that the maximum data rate provided by this CC is 2 * 37888 ~76 Mbps. Of course in this case, the other CC (5 MHz) can provide the remaining data rate to hit the 100 Mbps target.
· If CC BW is 20 MHz (e.g. in two CCs, 20 MHz + 20 MHz CA, which is currently not a CA combination of interest for Cat 3), then TBS > 37888 get blocked e.g.( NRBs = 75, I_TBS = 22) or ( NRBs = 100, I_TBS =18)  is blocked from scheduling. This implies that the maximum data rate provided by this CC is 2 * 37888 ~76 Mbps. 
 [image: image3.png]Code Rate per soft buffer partition

N

—1CC, KMIMO=1
——1CC, KMIMO=2
=—2CC, KMIMO=1
——2 CC, KMIMO=2

»
T

)
T

FS
T

[N}
T

Code Rate=1

0.8

ol
)

Code Rate=0.33

I
=

i - | i i
20 40 60 80 100 120 140 160

TBS index

180




Figure 1. (Option 1) For Category 3, the picture shows the code rate per soft buffer partition for one and two configured CC case.  Note the thresholds shown above are for illustration and are in the ballpark. 

Overall it is shown that Option 1 may possibly be able to handle all sub-20 MHz CA for Cat 3 which seems to be main issue in the soft buffer discussion. Since many actual deployments will require symmetric CC bandwidths, Option 1 is more pragmatic.
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. 

· Option 2 allows the soft buffer to be split equally or unequally between multiple DL CCs based on RRC signalling for the soft buffer partition information. 

· 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 (e.g. Option 1 or Option 3) that are either simpler or allow the scheduler more control over the soft buffer partitions. 

Option 3: Soft buffer partitioning according to higher layer signaling 

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 configured CCs does not exceed the total number of soft channel bits corresponding to the UE category.  A default state (i.e. in the absence of higher layer-signalling) is equal split of soft buffer among configured CC.

· In Option 3, 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. 
· 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. 
An example is shown next  - 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. 

Option 4 (NTT DoCoMo, Panasonic) : Rate matching is based on the soft buffer size of a single CC irrespective of the number of configured CCs
In this option,  rate-matching for each configured CC is based on the total number of soft channel bits corresponding to the UE category i.e. for each CC the value of the variable for soft channel bits used in the TS36.212 Sec 5.1.4.1.2 is given by the following.  
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· Note that there may be slight adjustments to this proposal. For some UE categories, the total number of soft channel bits was derived based on a reference number of CCs for each category, two, two and five DL CCs, for Cat 6,7,8, respectively.  In such cases, the soft buffer per CC is derived by dividing with the reference number of DL CCs. 

· Note that with Option 4, the eNB can potentially transmit more parity bits than what can be stored by the UE in the UE’s soft buffer. With 2 CCs, an eNB could transmit upto 2Nsoft distinct parity bits while the UE offers only Nsoft physical locations for storage. 

· This Option is similar to Rel-8 TDD configurations that have more than 8 DL Harq processes and soft buffer storage is left to the UE implementation. It is upto the eNB scheduler to take this aspect into account. 

· While this option has the potential to have same performance within one CC as Rel-8, the actual performance is a function of soft buffer assigned per CC in the UE implementation. 

Option 5 (Qualcomm) : Rate matching is based on the soft buffer size of a single CC irrespective of the number of configured CCs
In R1-110331, seven different options were discussed, and scheme#7 which is the main proposal from that paper, is further discussed below. The NIR value according to Option 5 is shown below.
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Where the eNB signals two parameters for each configured CC 

1. 
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 which is relative weight to the CC, - e.g. 2 bits and  

2. 
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, the number of assigned interlaces on the given CC. – e.g. 3 bits

· Similar to most of other options (1 to 4), Option 5 requires a change to the definition of the soft buffer allocation per CC. This aspect is similar to unequal split RRC signalling (Option 3). 

· Option 5 requires a new definition of NIR in the Rate-matching equation in 36.212 va.0.0. This is not preferable as there are sufficient options (e.g. Options 1-4 above) that can handle CA issues without modifying NIR definition. Moreover, if the 
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 is variable based on RRC signalling, then Option 5 would require lot of new additional test cases even for the case of single configured CC for FDD (unless of course suitable restrictions are placed on the applicability of M(nc)). 
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. 

Option 1 soft buffer partitioning appears to be simple and potentially able to handle all sub-20 MHz CA cases for Cat 3 and it is suitable for other UE categories. Note that some very minor adjustments to Option 1 can be performed, e.g. for the case of DL Cat 6, 7 with two DL CCs ([6]) – align each CC with Cat 4 buffer size. Perhaps, same adjustments can be applied to Cat 8 with (1,2,3,4) DL CCs may also be aligned similarly. 
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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]


Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category (From 36.306 v a.0.0)
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3667200
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3667200
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8


Appendix B
The relevant portion from TS36.212 va.0.0 where Rate Matching based on the soft buffer size is performed. 

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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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 section 5.1.2:

-
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for DL-SCH and PCH transport channels

- 
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for UL-SCH and MCH transport channels

where NIR is equal to:
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where:

Nsoft is the total number of soft channel bits [4].

KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4 or 8 as defined in section 7.1 of [3], 1 otherwise.

MDL_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 of [3].

Mlimit ​is a constant equal to 8.
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