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Consideration in FANR
1 Introduction

Some working assumptions for FANR were discussed at the last meeting in [1], and some of the assumptions are still open. For both the SSN-based approach and the time-base approach, it is not decided which of the two shall be used. The benefits and drawbacks for both approaches are presented in [2]. This paper elaborates further on feasibility for both approaches, and discusses how to introduce it in specifications.
2 Fast Ack/Nack Report in Downlink
2.1 Benefits of the time-base approach
Both of the two approaches are assumed to be able to support the downlink Ack/Nack reporting. But 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 easily.
As known, the bitmap of the SSN-based approach can only be included in the data block of the corresponding MS, and this will cause a certain delay to wait for a downlink data block for this MS, and the delay will be unacceptable when the downlink data rate of this MS is low or there is no downlink TBF for this MS. While the bitmap of the time-based approach can be included in any radio block, so it is possible for the network to send a fast Ack/Nack report to any MS at any block period. 
Also, the time-based approach can realize the so-called HS-HARQ, which is considered to be able to cut the delay for UL transmission in a large extent. That is very important, and the reduction of the delay for the UL transmission will in end benefit the DL transmission. 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 60ms transfer delay for 2 retransmissions can be obtained. But if the time-based approach is not supported in the DL, 2 retransmissions need 175ms at least (See [3]). So 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. 
The non-persistent mode supporting the conversational service was approved at the last meeting. With the time-based approach in DL, the lifetime of uplink data blocks (the talker side for a VoIP service) could be much shorter, so the lifetime of downlink data blocks (the listener side for a VoIP service) could be longer correspondingly. 
2.2 Procedures for the time-based approach
Procedures for the time-based approach are discussed here, including how the bitmap is produced, and how the space for the bitmap is reserved in a radio block by the network. 
The bitmap must be sent at the PDCH(s) that can be read by mobile stations whom the Ack/Nack reporting messages in the bitmap belongs to. Which PDCH(s) can be read is determined by the multislot class of mobile stations. When a bitmap needs to be sent, the BSC (PCU) should inform the BTS which PDCHs should be covered. So when and where to send the bitmap should be decided by the BSC, not the BTS, for BTS has no idea about the relationship between the PDCHs and MSs. 
How a time-based bitmap is prepared and sent on the downlink is showed in the figure below. 
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Figure 2 Procedures of the time-based bitmap
As suggested in the figure above, the network control when and where to send the bitmap. The BSC first builds a bitmap with information about which PDCH(s) shall be covered by this bitmap, and which PDCH(s) the bitmap shall be sent on, for only the BSC knows which of the downlink PDCH(s) will be read and which of the uplink PDCH(s) will be allocated. 

The BTS is responsible to set the values in the bitmap according to whether the data block(s) is/are received correctly or not on those uplink PDCH(s) indicated by the BSC. 
2.3 Bitmap of the time-based approach
It has been discussed a lot about the bitmap of the time-based approach. As suggested in [4], several bits may be required to indicate which PDCH(s) is/are covered in the bitmap. It is considered that those bits are quite necessary. Without these bits, the space of the bitmap may be wasted partly. 
In the figure below, EDA is used by the uplink TBF for MS1. When the bitmap is sent on the downlink of the PDCH0, which will not be read by MS2, the bitmap shall not contain the Ack/Nack report for PDCH2 and PDCH3. 
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Figure 3 PDCH(s) shall be covered by a bitmap
What’s more, in order to make the bitmap more efficient, one bit may be needed to be included in the bitmap to indicate 1 or 2 bit(s) is/are used for a radio block. For cases: 
· no radio blocks contain 2 RLC data blocks, i.e. all radio blocks use MCS-1 to MCS-6; 

· both the two RLC data blocks of every radio block that uses MCS-7 to MCS-9 are received correctly or incorrectly; 

using 2 bits for a radio block will be quite a waste. When 1 bit for a radio block is used, the efficiency of a bitmap can be doubled. 
3 Fast Ack/Nack Report in Uplink
The SSN-based approach should be suitable for the uplink, and is well discussed in [5]. The network shall be 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 shall be sent in the uplink. 
And one or more bits are also needed to indicate whether a bitmap is included and possibly the size of the bitmap. So 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 [6], 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, but if it is variable, the maximum size should be limited and small enough to not influence the code rate too much. The number of types of the bitmap size is largely determined by 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 bit. The complexity and compatibility should be considered. 
How the bitmap is constructed is proposed in [8], and the three main parts are named as Address, BSN_NACK and BSN_MAP. Details as below should be considered further:

· for the Address, when multiple TBFs are assigned, the TFIs may be same, then PFI could be used instead of TFI; 
· for the BSN_NACK, the BSN length may need to be reduced, which is FFS; 
· for the BSN_MAP, when the BSNs of data blocks received incorrectly are dispersive, a solution may be needed to enhance the bitmap’ efficiency. 
When a bitmap is included, the code rate of data would be different, and some alternative ways of defining the new coding schemes is discussed in [7]. It is considered feasible to keep the payload size unchanged irrespective of whether or not there is a bitmap in the transmission. 
4 Conclusion

The time-based approach may be more suitable than the SSN-based approach for the downlink. A smaller bitmap can be obtained for the time-based approach, and what is important, the time-based approach can realize the HS-HARQ, which can reduce the transfer delay in 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. 

For a bitmap of the time-base approach, several bits are needed in it to indicate which PDCH(s) is/are covered. Additionally, one bit may be added to improve the efficiency of the bitmap. 
For the uplink Ack/Nack reporting, several bits in the RLC/MAC header should be found 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. 
For a bitmap of the SSN-based approach, details of each information field should be reconsidered, i.e. PFI may be a better choice for the address field, and solutions to compress both the sizes of BSN field and BSN_MAP field should be also considered. 
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