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1
Introduction
Issues for the number of DL HARQ processes and soft buffer handling for CC specific TDD configuration were firstly proposed in [1]

 REF _Ref336502887 \n \h 
[2][3] in RAN1#70 meeting and further discussed on the email reflector. The conclusion of the email discussion is as following:

A new standardized solution is needed to define M_{DL_HARQ} for TDD inter-band CA and the exact solution is FFS until RAN1 #70bis 
After RAN1#70, all open HARQ timing issues were settled for the full duplex case. The agreements related to HARQ timing for different DL cases are summarized in the below:
For the self-scheduling case:
· For Case A, follow the Pcell SIB1 configuration

· For Case B, follow the Scell SIB1 configuration

· For Case C, follow TDD configuration 4 or 5.

Table 1 Reference TDD configuration for self-scheduling case
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Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.


For the cross-carrier scheduling case:
· Follow the Pcell SIB1 configuration for all cases.

Table 2 Reference TDD configuration for cross-carrier scheduling case
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Notes: The number in the grid is the reference UL-DL configuration which SCell PDSCH HARQ timing follows.
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In this paper, the number of DL processes for CC specific TDD configuration for the two solutions are analysed for different DL cases and both self-scheduling case and cross-carrier scheduling case.
2
Discussions
The two candidate solutions to determine the value of M_{DL_HARQ} for CC specific TDD configuration are:

· Alt1: Using the M_{DL_HARQ} value of the actual DL HARQ process number for Scell;

· Alt:2 Using the M_{DL_HARQ} value from the reference configuration for Scell;

In the following sections, the solutions are analysed for both self-scheduling case and cross-carrier scheduling case.

2.1 

DL HARQ process number determination for self-scheduling case

For the self-scheduling case and according to the agreement for HARQ timing, the reference configuration for case B is the Scell itself, so it is natural to use the Scell’s maximum DL HARQ process number, which has no change compared to Rel-8. However for case A and case C, the reference configuration for Scell is different to the Scell SIB1 configuration. Then the maximum DL HARQ process number can be determined by the two aforementioned alternatives. 
Alternative 1: Using the actual DL HARQ process number
By Alt1, the maximum DL HARQ process number is determined by the actual HARQ process number on Scell. For example in the following figure, Pcell is TDD configuration 2 and Scell is TDD configuration 1. Scell will follow Pcell timing, then actually 8 DL HARQ processes are needed rather than 7 DL HARQ processes. 
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Figure 1 DL HARQ process number determination by Alt1

For other combinations in case A and case C, the actual DL HARQ process number can be similarly determined. The determined DL HARQ process number for all cases is summarized in the below table:
Table 3 DL HARQ process number for Scell by Alt1, self-scheduling case
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Notes: The number in the grid is the DL HARQ process number according to different alternatives in page 1 Alt1: using actual HARQ process number
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By using the actual DL HARQ process number for Pcell and Scell, the soft buffer of UE can be maximally utilized and the best throughput performance can be reached. However, such a solution will increase the complexity both in specification and implementation. For the specification, the actual DL HARQ process number needs to be defined for each combination. Also mentioned in [1], the actual number may be different for the self-scheduling case and the cross-carrier scheduling case, and may also be different for the full duplex case and the half duplex case. New implementation also needed for such solution. 
Alternative 2: Using the reference configuration DL HARQ process number
In Alt2, the Scell will use reference configuration DL HARQ process number in case A and case C. By similar analysis in Alt1, the DL HARQ process number in Alt2 can be summarized in the following table

Table 4 DL HARQ process number for Scell by Alt2, self-scheduling case
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Here, the number of stored soft channel bits is decreased compared to Alt1. This will impact the peak data rate of the UE, but also has the least complexity for specification and implementation.

Difference between Alt1 and Alt2
The gains that can be achieved with alternative 1 compared to alternative 2 needs further checking. Making a rough estimate, assuming the UE is configured with Pcell and one Scell, Pcell is TDD configuration 1, Scell is TDD configuration 2, then the DL HARQ process number for Pcell and Scell is 7 and 5 respectively with Alt1, and 7 for both with Alt2. The number of stored soft channel bits, not consider the impact of N_cb, will be:
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 for Alt 1, and 

[image: image7.wmf](

)

ú

û

ú

ê

ë

ê

×

×

¢

=

ú

û

ú

ê

ë

ê

×

×

×

¢

=

÷

÷

ø

ö

ç

ç

è

æ

ú

ú

û

ú

ê

ê

ë

ê

×

×

×

¢

=

14

7

2

,

min

,

min

MIMO

MIMO

limit

DL_HARQ

MIMO

K

C

N

K

C

N

M

M

K

N

C

N

N

n

soft

soft

DL

cells

soft

cb

SB

 for Alt 2.

This means that roughly 16% more soft channel bits are stored for Alt 1 compared to Alt 2. Similarly, the difference can be calculated for the other combinations in cases A and C. This is summarized in the following table:
Table 5 Rough buffer size difference between Alt1 and Alt2 for two serving cell case

[image: image8.emf]0 1 2 3 4 5
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6 7.7% 17.6% 12.5% 20% 25%

Case A Case B Case C



Pcell SIB-1 UL-DL Configuration

6

Scell SIB-1 UL-DL Configuration

9%



6

Notes: The number in the grid is the DL HARQ process number according to different alternatives in page 1 Buffer size difference between Alt1 and Alt2


From the table we see that the number of stored soft channel bits is 3.4% ~ 36% larger with Alt1 compared to Alt2. Whether the same difference is reflected in the UE’s peak data rate would need further discussion.
From the above analysis we see the peak data rate is decreased for Alt2 compared to Alt1, but Alt2 introduces the least complexity on specification and implementation and Alt1 may need further identification of potential problems. Based on above analysis, we have the following proposal:
Proposal 1: For simplicity we slightly prefer using the reference configuration DL HARQ process number for Scell (Alt2).

2.2 

DL HARQ process number determination for cross-carrier scheduling case

For the cross-carrier scheduling case, case A gives the same results for Alt1 and Alt2 as in the self-scheduling case since the reference configuration is always Pcell SIB1 configuration, and the Scell’s DL subframes is a subset of the Pcell’s DL subframes. However for cases B and C, the number of processes is different because of the change in reference configuration. Similar to the analysis for self-scheduling, the DL HARQ process numbers for Alt1 and Alt2 are summarized in the following tables
Table 6 DL HARQ process number for Scell by Alt1, cross-carrier scheduling case
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Table 7 DL HARQ process number for Scell by Alt2, cross-carrier scheduling case

[image: image10.emf]0 1 2 3 4 5

0 4 7 10 9 12 15

1 4 7 10 9 12 15

2 4 7 10 9 12 15

3 4 7 10 9 12 15

4 4 7 10 9 12 15

5 4 7 10 9 12 15

6 4 7 10 9 12 15

Case A Case B Case C

Notes: The number in the grid is the DL HARQ process number according to different alternatives in page 1 Alt2: using ref. HARQ process number

Scell SIB-1 UL-DL Configuration

6

6

6

6

6

6

6

DL HARQ Process Number

Pcell SIB-1 UL-DL Configuration

6


From the table we see the DL HARQ process numbers for cases B and C are very different to those of the same cases in the self-scheduling case. If we align the DL HARQ process number between self-scheduling and cross-carrier scheduling, the number of stored soft channel bits will be decrease significantly. Changing between self-scheduling and cross-carrier scheduling is configured by RRC signalling and do not occur that frequently, meaning that having different maximum number of DL HARQ processes for the self-scheduling and cross-carrier scheduling case should not be a problem. Therefore, our proposal is:
Proposal 2: Different number of maximum DL HARQ process can be used for the self-scheduling case and the cross-carrier scheduling case.

2.3 

Calculation of stored soft channel bits

In Rel-10, minimum number of stored soft channel bits nSB is calculated as follows:
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where MDL_HARQ ​is the maximum number of DL HARQ processes.
However, for CC specific TDD configuration and no matter which solution is adopted, the maximum number of DL HARQ processes for different serving cells may be different. Then the calculation for the minimum number of stored soft channel bits needs to be updated. One suggestion for the update is:
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where MDL_HARQ_i ​is the maximum number of DL HARQ processes for serving cell i, and N is the number of activated serving cells for the UE.

Proposal 3: The calculation of the minimum number of stored soft channel bits needs to be updated.
3
Conclusions
In this paper, the determination of the maximum number of DL HARQ processes have been analysed and the following proposals are made
Proposal 1: For simplicity we slightly prefer using the reference configuration DL HARQ process number for Scell (Alt2).
Proposal 2: Different number of maximum DL HARQ process can be used for the self-scheduling case and the cross-carrier scheduling case.
Proposal 3: The calculation of the minimum number of stored soft channel bits needs to be updated.
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