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Consideration in FANR

1 Introduction

This is an updated document of G2-060260 which clarifies some questions discussed at GERAN WG2 #31bis meeting. For the fast Ack/Nack report in downlink, there are still many arguments about which is more suitable, the SSN-based approach or the time-based approach. This paper tries to draw a comparison between these two approaches, considering on complexity, efficiency and compatibility.
2 Fast Ack/Nack Report in Downlink
2.1 Benefits of the time-base approach
Both of the two approaches are able to accomplish the downlink Ack/Nack reporting. However, considering the delay and bitmap size, Huawei prefers to the time-based approach. 

For a bitmap of the SSN-based approach, when multiple TBFs are assigned, or when the BSNs of data blocks received incorrectly are dispersive, the size of a bitmap would increase dramatically. While a bitmap of the time-based approach can solve these problems, for data blocks indicated in the bitmap are in time order and not in sequence order.
The bitmap of the SSN-based approach can be either included in the data part of the block of the corresponding MS, or encoded separately. The former way will lead to an unacceptable delay if the data need to be retransmitted. The latter way will not support the multi ACK/NACK segments; otherwise, it is hard to keep the raw data length fixed.
The bitmap of the time-based approach is able to be included in any radio block and encoded separately. It is also able to support multi TBFs if there is enough room to indicate the status of the blocks.

Besides, the time-based approach can realize the so-called HS-HARQ, which is able to cut the delay for UL transmission in a large extent. That is very important, as the reduction of the delay for the UL transmission will in end benefit the DL transmission, i.e. if the delay at the talker side can be reduced, then more time can be left to the listener side. 

A sketch figure is given as below:
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Figure 1 UL transmission like HS-HARQ

As suggested in the figure above, for 10ms TTI, a minimum of 115ms transfer delay for 2 retransmissions can be obtained. It will need 175ms at least for 2 retransmissions without HS-HARQ [1]. Therefore, with the time-based approach supported in the downlink, it is possible to complete 2 retransmissions both in the downlink and the uplink in 300ms, which is the maximum mouth-to-ear delay for the VoIP service.

For the non-persistent mode supporting the conversational service, with the time-based approach in DL, the lifetime of uplink data blocks (the talker side) could be much shorter, so the lifetime of downlink data blocks (the listener side) could be longer correspondingly. 
2.2 Procedures for the time-based approach
The bitmap shall be sent on the same PDCHs (or PDCH pairs) as which PDCHs the control blocks are sent on. For dynamic allocation, the bitmap can be sent on any of assigned PDCHs, and for extended dynamic allocation, the bitmap shall be sent on the lowest numbered timeslot in the PDCH assignment.
It is BSC (PCU), not BTS, to decide whether the bitmap shall be included in the radio block or not. If the BSC decides to include the bitmap in the block, it will indicate in the MAC Header. No matter whether the bitmap is included or not, the USF scheduling keeps unchanged and the raw data size is the same. When the BTS receives the MAC PDU from BSC, the BTS will do the channel coding, produce the bitmap according to the indicator and insert it in the radio block. 
The functionality of Incremental Redundancy shall be done at the BTS to minimize the load at the Abis interface. If the incorrect data blocks are sent to the PCU, the Abis interface may be over loading. 
2.3 Bitmap of the time-based approach
The bitmap of the time-based approach can be optimized further. A solution is introduced below to make the bitmap more efficient. 
Considering one radio block may contain two data blocks, it is proposed to use 2 bits for every radio block up to now. In such a case, a MS may receive a bitmap as below:
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As showed in the table above, the two bits used for one radio block are all same, and that is quite possible when:

· one radio block contains only one data block, i.e. MCS-1 to MCS-6 used; or 

· both the two RLC data blocks of a MAC block that uses MCS-7 to MCS-9 are received correctly or incorrectly. 
For the VoIP service, MCS-1 to MCS-6 may be used in most cases. If MCS-7 to MCS-9 is used, a long packing delay may be introduced, for in such a case, the network needs to wait for several LLC PDUs to be encapsulated in one radio block. 
Then one bit can be added to the bitmap to indicate one or two bits are used for every radio block. For the same table above, if such a bit is added, it would be: 
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The first bit in green indicates whether one bit or two bits will be used to show the status of each MAC block. If “1” is used in the first bit, those bits in yellow are obtained and can be used to cover more radio blocks. 

With the solution proposed, the bitmap size could be cut nearly in a half. Although the practical effect depends on the channel condition, the bitmap size of the time-based approach can still be optimized and reduced. 
3 Fast Ack/Nack Report in Uplink

The SSN-based approach is suitable for the uplink, and is well discussed in [3]. The network is able to control the manner how the bitmap is sent. So the ES/P and RRBP field in the RLC/MAC header are used to control the manner how the bitmap is sent in the uplink. 

One or more bits are needed to indicate whether a bitmap is included and possibly the size of the bitmap. Therefore, the spare bits in an uplink RLC/MAC header may be not enough for all of these purposes. Solutions to reduce the SSN length are discussed in [4], and one or more bits could be reserved for indicators in the RLC/MAC header. The SSN length shall have strong relationship with the window size. 

The size of a bitmap may be fixed or variable, and the number of varieties of the bitmap size largely depends on how many bits in the RLC/MAC header can be used to indicate the size. And any change to the size of the RLC/MAC header would be unfeasible, which needs to modify the stealing bits and as a result, influences the compatibility of USF. The complexity and compatibility should be considered. 
4 Conclusion

The time-based approach is more suitable than the SSN-based approach for the downlink. A smaller bitmap is needed for the time-based approach, and most important, the HS-HARQ is realized in the time-based approach, which can reduce the transfer delay a lot. 

If the time-based approach is supported, the lifetime of data blocks of an uplink TBF could be far less than that of a downlink TBF, and as a result, 2 retransmissions both for the downlink and the uplink TBF could be possible. 

The size of bitmap of the time-base approach could still be optimized and reduced. One bit may be needed in the bitmap to cut the bitmap size. 

For the uplink Ack/Nack reporting, several bits in the RLC/MAC header should be saved to control the different manner how the bitmap is sent, and indicate whether a bitmap is included and optionally the bitmap size. The size of the RLC/MAC header should be kept unchanged. 
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“1”: one bit for one radio block


“0”: two bits for one radio block
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