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1 Introduction

According to the RAN1 agreements till now for TDD inter-band CA with different UL-DL configurations [1][2], PDSCH HARQ timing for Pcell follows Pcell UL-DL configuration itself, and PDSCH HARQ timing for Scell follows the PDSCH HARQ timing of a reference UL-DL configuration. The reference UL-DL configurations used for each combination of Pcell/Scell UL-DL configurations for self scheduling case at least for full duplex UEs are summarized in Table 1 

Table 1: UL-DL configuration for PDSCH HARQ timing reference
	UL-DL configuration for PDSCH HARQ  timing reference 
	PCell SIB1 UL-DL configuration 

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration 
	0
	- 
	1
	2
	3
	4
	5
	6

	
	1
	1
	- 
	2
	4
	4
	5
	1

	
	2
	2
	2
	- 
	5
	5
	5
	2

	
	3
	3
	4
	5
	- 
	4
	5
	3

	
	4
	4
	4
	5
	4
	- 
	5
	4

	
	5
	5
	5
	5
	5
	5
	- 
	5

	
	6
	6
	1
	2
	3
	4
	5
	- 

	Meaning of the colors 
	Case A 
	Case B 
	Case C 
	　
	　
	　
	　


In Table 1, all the combinations of Pcell/Scell UL-DL configurations are divided into 3 Cases with the following method,

· Case A: Scell DL subframes are a subset of Pcell;

· Case B: Scell DL subframes are a superset of Pcell;

· Case C: Scell DL subframes are neither a superset nor a subset of Pcell.

The reference UL-DL configuration for Case A is the Pcell UL-DL configuration; the reference UL-DL configuration for Case B is the Scell UL-DL configuration; and the reference UL-DL configuration for Case C is determined by the intersection of UL subframes of Pcell and Scell. 

After the determination of PDSCH HARQ timing, one more issue related to HARQ operation is how to deal with the soft buffer in the TDD inter-band CA. So in this contribution, we discuss the soft buffer handling scheme for TDD inter-band CA. 
2 Discussion 
Two issues needs to be addressed for the soft buffer handling. One is how does eNB perform rate matching in encoding process, and the other one is how does UE store soft bits for a code block not correctly decoded so as to do soft combing when the same code block is retransmitted.  
As defined in Rel-10 on rate matching operation in encoding process, 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 
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, where C is the number of code blocks and 
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is the number of bits at the output of sub-block interleaver in rate matching process. The soft buffer size for a transport block NIR is equal to: 
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where, Nsoft is the total number of soft channel bits, KC is parameter related to UE category, MDL_HARQ ​is the maximum number of DL HARQ processes, Mlimit ​is a constant equal to 8, and KMIMO is equal to 2 if the UE is configured with transmission mode of 2 TBs and is equal to 1 otherwise. 
As to the storing soft bits at UE side defined in Rel-10, if the UE is configured with more than one serving cell, for each serving cell, for at least 
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 transport blocks, upon decoding failure of a code block of a transport block, the UE shall store received soft channel bits corresponding to a range of at least 
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is the number of configured serving cells. In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. 
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 shall correspond to a received soft channel bit. The range 
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may include subsets not containing received soft channel bits.
In the above cited specifications of LTE Rel-10, the maximum number of DL HARQ processes MDL_HARQ of a serving cell is used in both the eNB and UE operations. According the current agreements on PDSCH HARQ timing for TDD inter-band CA [1][2], PDSCH HARQ timing for Pcell follows Pcell UL-DL configuration itself, which is the same as Rel-10, i.e. no change on MDL_HARQ for Pcell, hence it is straightforward that the same schemes as Rel-10 could be reused. However, as to PDSCH HARQ timing for Scell, which was agreed to follow the PDSCH HARQ timing of a reference configuration, can be different from the PDSCH HARQ timing if following Scell UL-DL configuration. As a consequence, the actual MDL_HARQ in CA operation for the Scell determined by the PDSCH HARQ timing of Scell in CA scenario can be different from MDL_HARQ for the Scell defined in Rel-8. 
As shown in Figure 1, Pcell uses UL-DL configuration 1 and Scell uses UL-DL configuration 0, which belongs to Case A of the combination of Pcell/Scell UL-DL configurations.  According to current agreements [1][2], Scell PDSCH HARQ timing in this CA scenario should follow reference UL-DL configuration 1. Using this PDSCH HARQ timing on Scell different from Rel-8, the number of DL HARQ process which could avoid any confusion in HARQ process identification needs to be 5. Hence the actual MDL_HARQ for Scell becomes 5, instead of 4 which was defined in Rel-8 for a cell with UL-DL configuration 0. 
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Figure 1: Maximum number of DL HARQ process of Scell
In conclusion, there can be different alternatives to derive the parameter MDL_HARQ for Scell in CA scenario, such as MDL_HARQ defined in Rel-8, the actual MDL_HARQ and even some other methods. Accordingly, different schemes exist for the soft buffer handling for Scell at eNB and UE in CA scenarios. We discuss the alternatives in detail in Section 3. 
Observation: Different alternatives to derive the parameter MDL_HARQ for Scell in CA scenario exist, hence there can be different methods to handle soft buffer for Scell.  

3 Soft buffer handling
As discussed in Section 2, in eNB/UE handling of soft buffer, there can be different alternatives to derive for the parameter MDL_HARQ for Scell in CA scenario, simply reusing MDL_HARQ the defined in Rel-8, or using an actual MDL_HARQ, or some other methods. We discuss each possibility in this section. 

Option 1: Use MDL_HARQ defined in Rel-8 for Scell UL-DL configuration
For simplicity, it’s desired if the available definition from Rel-8 can be reused, i.e. to use MDL_HARQ defined in Rel-8 for Scell UL-DL configuration in the CA scenario. In the following part, eNB operation and UE operation are discussed separately. 
Taking Figure 1 as an example, in the rate matching in encoding process, if eNB uses MDL_HARQ equal 4 as defined in Rel-8 for Scell UL-DL configuration, the soft buffer size for a TB is
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[image: image16.wmf]ú

û

ú

ê

ë

ê

×

×

5

MIMO

K

K

N

C

soft

 if using actual MDL_HARQ, so it may increase the possibility at UE side doing overbooking or discarding to handle the soft buffer. So, it’s better to adjust the soft buffer size for a TB to a right size, however, if UE complexity is not concerned, it’s still possible to leave it to UE receiver implementation. 

 

Figure 2: eNB/UE handling on soft buffer
As to UE’s storing the soft bits, still using the example in Figure 1, if UE uses MDL_HARQ equal 4 as defined in Rel-8, UE needs to store at least 
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 bits for each code block following the Rel-10 specification. Unfortunately, in the worst case when burst error happens, UE may not have enough soft buffers to store at least 
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 bits for each code block. As shown in Figure 2 in Option 2, the UE actually can only guarantee to store at least 
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 bits for each code block. If the inconsistency on the number of stored soft bits is not solved, i.e. eNB assumes UE could buffer at least 
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 bits for a code block, but UE can only have the capability to buffer 
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 bits for the code block, which causes performance degradation in HARQ IR operation, since eNB has a wrong assumption on what UE has stored in early HARQ transmissions. From the other aspect, the existence of above problem also makes the current specification not accurate in the CA scenario with different UL-DL configurations, which is not desired for standardization. Therefore, it seems some standardization works are needed to solve this case on UE storing soft bits. 
Based on the above analysis, it’s erroneous if reusing MDL_HARQ defined in Rel-8 for Scell UL-DL configuration in the CA scenario. Another straightforward way is to use actual MDL_HARQ to handle soft buffer. 
Option 2: Use actual MDL_HARQ determined by the exact PDSCH HARQ timing for Scell in CA scenario
The actual MDL_HARQ can be used in the soft buffer handling. eNB has right the same assumption on UE’s storing soft bits as the real UE operation, hence it’s best for the HARQ IR operation. Just going through all combinations of Pcell/UL configurations, and calculating the actual MDL_HARQ for each combination, and then a table could be used to capture all the numbers of actual MDL_HARQ. Once the PDSCH HARQ timing for Scell is decided, the exact numbers of actual MDL_HARQ exist. That is, the table for actual MDL_HARQ could be just calculated one time and no further complexity involved. 

However, it’s still complicated to capture the exact number of actual MDL_HARQ for all possible CA scenarios. E.g. a UE may only support half duplex operation in the conflicting subframes to reduce the cost, which results in some DL subframes cannot be scheduled, hence the actual MDL_HARQ for a half duplex UE is reduced compared to full duplex UE. In another example, for the CA scenarios using cross-carrier scheduling, it was already decided to not support cross-subframe scheduling, which also means some DL subframes on Scell cannot be scheduled and results in smaller number of actual MDL_HARQ.

If complexity of using actual MDL_HARQ is concerned, some other solutions on soft buffer handling can also be considered.

Option 3: Use Rel-8 defined MDL_HARQ of the agreed reference UL-DL configuration for Scell

One another way for soft buffer handling is to use the Rel-8 defined MDL_HARQ of the agreed reference UL-DL configuration which is used to determine Scell PDSCH HARQ timing. Taking Figure 1 as example, the reference UL-DL configuration for Scell is configuration 1 for this CA scenario, which means the Rel-8 defined number 7 of UL-DL configuration 1 is used in handling soft buffer for the Scell. Both eNB encoding process and UE storing soft buffer could work, but it may cause some degradation. As shown in Figure 2, the UE can actually store at least 
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bits for a code block, but eNB only assumes UE to store 
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 bits for the code block, which is not good when doing HARQ IR operation since eNB underestimates UE’s stored bits. Fortunately, with this alternative, the current specification if following the number 7 is consistent since UE does have enough buffer capability to store at least 
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 for each code block. 

Proposal: The actual MDL_HARQ work well. If complexity of using actual MDL_HARQ is concerned, handling soft buffer based on Rel-8 defined MDL_HARQ of the agreed reference UL-DL configuration for Scell can be considered.

4 Conclusion 

In this contribution, we discuss the issues existed in soft buffer handling, for both eNB encoding process and UE storing soft bits. Different alternatives to derive for the parameter MDL_HARQ for Scell in CA scenario exist. Using MDL_HARQ defined in Rel-8 for Scell UL-DL configuration causes confusion on the number of stored bits between eNB and UE. The actual MDL_HARQ works well. If complexity of using actual MDL_HARQ is concerned, handling soft buffer based on Rel-8 defined MDL_HARQ of the agreed reference UL-DL configuration for Scell can be considered. 
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