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Discussion on DL bitmap in FANR
1 Introduction

A new work item [1] on latency reduction was set up in GERAN #30, and two basic solutions, the Reduced Transmission Time Interval (RTTI) and Fast Ack/Nack Reporting (FANR) are proposed in [2] [3]. This document concentrates on the piggybacked bitmap in downlink RLC data block, especially supporting the feedback of the uplink TBFs in DTM with RTTI.
2 Improvement on DL Bitmap in FANR
It is suggested to define an independently coded bitmap in the payload of an RLC block [4]. In the downlink, the independently coded bitmap can be regarded as a sort of multicast field and provide feedback information for a number of UL TBFs. With 10ms RTTI approach, the first 4 bits of the DL bitmap indicate the involved timeslot pairs, which are described as TS 0&1, TS 2&3, TS 4&5 and TS 6&7 fixedly. The other 16 bits of the DL bitmap provide feedback for all the blocks received in the recent past on the advertised timeslot pairs. 
However, fast Ack/Nack reporting based on this bitmap format in the downlink may not be applicable in all the possible situations such as DTM with reduced TTI (shown as figure 2 in [5] where CS timeslot is located between the two UL PS timeslots) and reduced TTI TBFs multiplexing with legacy TTI TBFs on the same PDCHs (a working assumption on reduced TTI proposed in [6]). An improved DL bitmap proposed here may deal with these situations.
2.1 Details of improved DL bitmap format
The improved DL bitmap is also time synchronised-based. To explicitly indicate the involved timeslots, especially under the DTM with RTTI approach, 4 additional bits would be needed, and then the suggested length of DL bitmap is 24 bits. The first 8 bits, corresponding to the 8 timeslots respectively, in the DL bitmap would be used to indicate the involved timeslots. The other 16 bits in the DL bitmap would be used to provide feedback for all the blocks according to the order of these advertised timeslots number. The following are the detailed rules similar to those introduced in [7] [4]:
1. Two bits per radio block are still needed in the bitmap. The values of this pair of bits as shown in table 1 are also same as described in [4]. 
Table 1 Values of bit pair in improved DL bitmap (10/20ms)

	    TTI

Bits                     
	10 / 20 ms

	00
	- failed header decoding
- header correctly received but failed decoding of the payload of the RLC block (or blocks, in case of MCS 7/8/9)

	01
	header correctly received, failed decoding of the first RLC data block, correct decoding of the second RLC data block

	10
	header correctly received, correct decoding of the first RLC data block, failed decoding of the second RLC data block

	11
	correct decoding of the payload of the RLC block, or correct decoding of both the first and second RLC data blocks


2. Considering the circumstances where legacy TBFs are multiplexing with RTTI TBFs on the same PDCHs, the network shall set pairs of bits according to the advertised timeslots numbered from low to high. Each pair of bits is related to one certain timeslot. For uplink radio blocks with 20 ms TTI, the pair of bits corresponding to the received timeslot shall refer to the block on that timeslot. For uplink radio blocks with reduced TTI (10 ms) transferred on 2 timeslots, the pair of bits corresponding to the lower numbered timeslot shall refer to the block received during the first 10 ms, while the pair of bits corresponding to the higher numbered timeslot shall refer to the block received during the second 10 ms. 
3. After setting the feedback in a legacy radio period (20 ms), if there is still free space in the bitmap , the next pair of bits shall refer to the radio block received on the first advertised timeslot during the previous TTI period (previous 20 ms) and so on.
2.2 Usage of DL bitmap

An example of DL bitmap is shown in Figure 1. MS1 is working in DTM with RTTI, and its CS service is allocated on TS2. The bitmap is sent in a DL radio block transmitted on timeslots 0&1 and addressed to MS1. But since the bitmap is separately coded and all the mobile stations in the example can read DL timeslots 0&1, the bitmap can contain feedback information on UL Timeslot 1&3 for all of them.
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Figure 1 Bitmap in DL FANR (DTM)
The first 8 bits advertise the involved timeslots—TS1& 3. The following first pair of bits in the red circle is corresponding to the first advertised timeslot (TS1), and it refers to the radio block received on TS1&3 during the first 10 ms. The second pair of bits in the pink circle is corresponding to the second advertised timeslot (TS3), and it refers to the radio block received on TS1&3 during the second 10 ms. Then the next pair of bits in the blue circle shall refer to the radio block received on TS1&3 during the first 10 ms in the previous 20 ms TTI period and so on.
Another example of DL bitmap is shown in Figure 2. MS4 is working in legacy 20 ms TTI, and it is multiplexed with MS1 and MS2 in UL timeslot 0&1. The bitmap is sent in a DL radio block transmitted on timeslots 0&1 and addressed to MS1. The bitmap contains feedback information on UL Timeslot 0, 1, 2, 3 for all of them.
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Figure 2 Bitmap in DL FANR (Multiplexing with legacy TBF)

The first 8 bits advertise the involved timeslots -- TS0, 1, 2, and 3. The following first pair of bits in the red circle is corresponding to the first advertised timeslot (TS0), and it refers to the radio block received on TS0&1 during the first 10 ms. The second pair of bits in the blue circle is corresponding to the second advertised timeslot (TS1), and it refers to the radio block received on TS0&1 during the second 10 ms. The pair of bits in the pink circle in the last line refers to the radio block received on TS0 during 20 ms in the previous 20 ms TTI period.
3 Conclusion

This proposal provides an improved DL bitmap format in FANR. This bitmap can explicitly indicate the involved uplink timeslot and support the situation of DTM and Multiplexing RTTI TBFs with legacy TBFs.
It is proposed to include this document in TR45.912.
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