[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #83                                                                                 R1-157288
Anaheim, USA, 15th - 22th November 2015

Source: 	Ericsson
Title:	Soft buffer handling for CA enhancement
Agenda Item:	6.2.2.2
Document for:	Discussion and Decision
[bookmark: _Ref298777854]Introduction
The soft buffer management has been discussed in RAN1 for Rel-13 CA enhancements where the number of supported component carriers is up to 32. The significant increase of the number of carriers in Rel-13 comparing to Rel-12 CA imposes challenges on UE soft buffer management. There have been proposals to define a efficient soft buffer management mechanism than previous releases e.g. in [1][2][3]. 
In this contribution, we provide our views on efficient soft buffer handling for Rel-13 CA enhancement. 
Discussion
Background of Re-8 to 12 PDSCH HARQ operations
The design of Rel-8 to 12 PDSCH HARQ operations and soft buffer management is discussed as follow.
According to TS 36.212, the rate matching parameter NIR on the eNB side is calculated by


The soft buffer sizes are dimensioned to fit all received bits at the coding rate of 1/3 (in case of single codeword) or 2/3 (in case of two codewords) with the minimum of 8 and the number of HARQ processes for each cell and in total KC cells. Note that, in carrier aggregation cases, KC is dependent of the UE category/capability and does not vary with the number of configured serving cells. It is also noted that the soft buffer size is commonly applied for both FDD and TDD. For certain TDD UL-DL configurations where number of HARQ processes is larger than 8, soft buffer overbooking is applied. This is acceptable as the soft buffer blocking probability is very low under reasonable operating conditions.
According to TS 36.213, if the UE is configured with more than one serving cell, then, upon decoding failure of a code block of a transport block for a serving cell, the UE shall store at least nSB received soft channel bits for the code block, where




In principle, the soft buffer is equally divided into  blocks and each block is used for soft bit storing for one configured serving cell. Since KC in is smaller than  for most UE categories, not all received soft values for a HARQ process can fit within the allocated HARQ process buffer memory on these UEs. Partial soft value discarding after decoding was studied during the Rel-10 standardization process and was found to be a reasonable trade-off between performance and cost of carrier aggregation implementation.
The existing soft buffer management is effective for FDD or TDD CA with same configuration if the probability of soft buffer blocking probabilities are negligible (e.g., <1%). A methodology of studying soft buffer blocking probabilities has been discussed in [4] in Rel-8 and further applied for studies on soft buffer in later releases. 

Soft buffer management for Rel-13 CA
In Rel-13 CA where there is a need to support significantly increased number of CCs, a straightforward way, e.g., is to specify a new 32-CC UE category with a total soft buffer size of 32×8×296448 = 75890688 soft bits. However, this approach would require significant increase of soft buffer size with high complexity and cost. Therefore, it can be desirable to design a more effective soft buffer management mechanism and reduced soft buffer size than existing mechanism. It was shown in [5] that allowing soft buffer pooling between the serving cells can reduce buffer blocking probabilities substantially, which enhances the effectiveness of HARQ operations. Therefore, it could be beneficial to apply soft buffer pooling in Rel-13 CA for 32 CCs. 
Observation:
· It is beneficial to apply soft buffer pooling in Rel-13 CA for 32 CCs, as it reduces buffer blocking probabilities substantially and enhances the effectiveness of HARQ operation.

For carriers in the unlicensed bands (particularly for indoor deployments), cell sizes are limited due to stringent output power restrictions by regulation. If we assume low vehicular speeds in these small cell scenarios, link adaptation accuracy can be better than macro-cell scenarios. For instance, one may assume the TB BLER caused by link adaptation accuracy is around 10% (which is significantly lower than the 30% TB BLER assumption used in Rel-8 [4]) in the absence of listen-before-talk collisions.
However, for carriers in the unlicensed bands, the TB BLER can also be caused by simultaneous transmissions from multiple listen-before-talk nodes. More specifically, these events are caused by the eNB drawing an identical random counter as another node. The default contention window size for the LAA eNB or Wi-Fi AP is CW=15, which means the random counter takes an integer value from 0 to 15. If there is another nodes drawing another random counter, the probability of the other node drawing an identical random counter is given by 1/(1+CW). More generally, the probability of collision when there are n other nodes with contention window size CW is given in Table 1.
[bookmark: _Ref430341064]Table 1 Collision probability of drawing an identical random counter with at least one of n other nodes drawing from a contention window size of CW.
	
	CW=15
	CW=31
	CW=63

	n=1
	0.0625
	0.0313
	0.0156

	n=2
	0.1211
	0.0615
	0.0310

	n=3
	0.1760
	0.0909
	0.0461

	n=4
	0.2275
	0.1193
	0.0611

	n=5
	0.2758
	0.1468
	0.0757



For the unlicensed band carriers, there is a need to further consider the number of impacted HARQ processes when such a collision occurs. For example, if a random counter is drawn for a single carrier and if either the own signal or the interference signals last for typically a transmit opportunity (TXOP) of 4 ms, then each identical random counter draw event will cause 4 HARQ process buffers to be occupied. For another example, if each transmission involves 4 carriers together and if either the own signal or the interference signals last for a TXOP of 4 ms, then each collision event will cause 16 HARQ process hit. For another example, if each transmission involves 4 carriers together and the TXOP is 10 ms, then each collision event will cause 40 HARQ process buffers to be occupied. In summary, the number of overlapped HARQ process buffers depends on the number of carriers involved for each transmission and transmission time which is related to TXOP. 
Taking all the above considerations (baseline BLER by link adaptation, LBT collision and number of HARQ process hit per collision) into account, we provide in Figure 1 an example of the block probabilities for the case where n=4 other nodes also try to access 32 carriers at the same time and all nodes are using CW=15. The baseline TB BLER because of link adaptation inaccuracy is assumed to be 10%. 
· The case of “1 overlapping per collision” follows the simple independent BLER events approach used in Rel-8 for licensed band carriers. Based on the above discussion, this will not be representative of the operation conditions in the unlicensed bands. The number of HARQ process buffers determined by this model will allow too optimistic reduction in soft buffers.
· Consider the case of “16 overlappings per collision”, i.e., 4 CCs involved for each transmission for a TXOP of 4 ms, the analysis indicates that 140 HARQ process buffers are needed instead of 256 HARQ processes. This represents a 45% reduction in soft buffer sizes.
· Consider the case of “8 overlappings per collision”, i.e., 2 CCs involved for each transmission for a TXOP of 4 ms, the analysis indicates that 121 HARQ process buffers are needed instead of 256 HARQ processes. This represents a 53% reduction in soft buffer sizes.
· Consider the case of “4 overlappings per collision”, i.e., 1 CC for each transmission for a TXOP of 4 ms, the analysis indicates that 109 HARQ process buffers are needed instead of 256 HARQ processes. This represents a 57% reduction in soft buffer sizes.

[image: ]
[bookmark: _Ref430264287]Figure 1 Blocking probability analysis for the case where n=4 other nodes also try to access 32 carriers at the same time and all nodes are using CW=15. The baseline TB BLER because of link adaptation inaccuracy is 10%.

Considering that the blocking probability and consequently the percentage of soft buffer reduction depends on various factors, such as the number of other nodes trying to access channels at the same time, the number of CCs involved for each transmission, TXOP, etc, the simulations have been extended to be based on different assumptions and a summary of soft buffer reduction is presented in Table 2. It can be observed that the soft buffer reduction heavily depends on the scenarios. For certain cases, the soft buffer blocking probability can never go below 1% and therefore it is not possible to perform efficient soft buffer handing for these cases.

[bookmark: _Ref430941035]Table 2 The percentage of soft buffer reduction with n other nodes trying to access channels at the same time, 1/2/4/8/16 CCs involved for each transmission, and TXOP of 4/10 ms.
	
	
	n=5
	n=4
	n=3
	n=2

	TXOP 4ms
	16 CCs
	21%
	22%
	25%
	42%

	
	8 CCs
	32%
	35%
	44%
	50%

	
	4 CCs
	40%
	45%
	52%
	60%

	
	2 CCs
	48%
	53%
	58%
	65%

	
	1 CC
	53%
	57%
	63%
	69%

	TXOP 10ms
	16 CCs
	-*
	-*
	-*
	7%

	
	8 CCs
	7%
	14%
	27%
	33%

	
	4 CCs
	27%
	32%
	37%
	47%

	
	2 CCs
	37%
	43%
	49%
	56%

	
	1 CC
	46%
	51%
	57%
	64%


    * Blocking probability can never go below 1%

Based on the simulation results in Table 2, a soft buffer reduction of around 30-40% can be a reasonable selection considering different cases. Therefore, we propose a soft buffer reduction of 37.5% for Rel-13 CA, i.e., 256×(1-37.5%) = 160 HARQ process soft buffers. The HARQ process buffer size the same regardless of serving cell FDD or TDD UL/DL configurations. For a 256QAM capable UE category, it is always 296448 bits. HARQ process buffers are shared across all serving cells. Consequently, a total soft buffer size of 160×296448 = 47431680 soft bits should be specified for the new 32-CC UE category. 
Observation:
· For Rel-13 UE with 32 CCs, 160 HARQ process soft buffers should be supported.

Standardization impacts
For a Rel-13 UE with more than 5 CCs, the soft buffer size for a HARQ process should be large enough to contain the soft bits for a 256QAM single-CW transmission at rate 1/3 coding. 
Proposal:
· For a Rel-13 UE with more than 5 CCs, the rate matching parameter NIR on the eNB side in TS 36.212 is set to


where KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4, 8, 9 or 10 as defined in section 7.1 of TS 36.213, and is equal to 1 otherwise. 
According to TS 36.213, if the UE is configured with more than one serving cell, then, upon decoding failure of a code block of a transport block for a serving cell, the UE shall store at least nSB received soft channel bits for the code block. 
Proposal:
· For a Rel-13 UE with more than 5 CCs, nSB in TS 36.213 is set to 
nSB = Ncb
where Ncb is defined in Section 5.1.4.1.2 of TS 36.212.
Based on the soft buffer blocking probability analysis provided in the last section, we propose for the 32-CC UE category definition:
Proposal:
· For the Rel-13 UE category capable of 32 CCs, the total soft buffer size is specified to 160 × 296448 = 47431680.

Conclusion
In this contribution we discussed soft buffer management to support Rel-13 carrier aggregation with up to 32 CCs. The above discussion is summarized with the following observations and proposals:
Observations:
· It is beneficial to apply soft buffer pooling in Rel-13 CA for 32 CCs, as it reduces buffer blocking probabilities substantially and enhances the effectiveness of HARQ operation.
· For Rel-13 UE with 32 CCs, 160 HARQ process soft buffers should be supported.

Proposals:
· For a Rel-13 UE with more than 5 CCs, the rate matching parameter NIR on the eNB side in TS 36.212 is set to


· For a Rel-13 UE with more than 5 CCs, nSB in TS 36.213 is set to 
nSB = Ncb
· For the Rel-13 UE category capable of 32 CCs, the total soft buffer size is specified to 160 × 296448 = 47431680.
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Study has also been performed assuming that there are carriers both in licensed and unlicensed band, e.g., 16 carriers in unlicensed band and 16 carriers in licensed band, respectively. The simulation results of soft buffer reduction assuming carriers in both licensed and unlicensed band is provided in Table 3 in comparison with the case where all carriers are in unlicensed band. For carriers in licensed band, a TB BLER of 30% is assumed same as the study assumption in Rel-10. For carriers in unlicensed band, both TB BLER and collision due to LBT have been assumed as described in section 2.2. 
[bookmark: _Ref434226580]Table 3 The percentage of soft buffer reduction with 2/4 other nodes trying to access channels at the same time, 1/2/4/8/16 CCs involved for each transmission, TXOP of 4/10 ms, and 16 carriers in licensed and unlicensed band/32 carriers only in unlicensed band.
	
	
	n=4 (CCs in licensed and unlicensed band)
	n=4 (CCs only in unlicensed band)
	n=2 (CCs in licensed and unlicensed band)
	n=2 (CCs only in unlicensed band)

	TXOP 4ms
	16 CCs
	-*
	22%
	37%
	42%

	
	8 CCs
	41%
	35%
	50%
	50%

	
	4 CCs
	47%
	45%
	55%
	60%

	
	2 CCs
	52%
	53%
	59%
	65%

	
	1 CC
	56%
	57%
	62%
	69%

	TXOP 10ms
	16 CCs
	-*
	-*
	-*
	7%

	
	8 CCs
	-*
	14%
	34%
	33%

	
	4 CCs
	37%
	32%
	46%
	47%

	
	2 CCs
	46%
	43%
	54%
	56%

	
	1 CC
	51%
	51%
	58%
	64%


    * Blocking probability can never go below 1%
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