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Time-based Bitmap Generation and Interpretation
1 Introduction

In GERAN #35, the time-based approach in the DL was adopted as an option to reduce transmission latency. The network provides feedback information relative to the reception of uplink radio blocks to MSs. On the PDCHs to be reported in the time-based DL FANR, three configuration cases exist: BTTI blocks only, RTTI blocks only and RTTI blocks multiplexed with BTTI blocks. For all these three cases, the bit-pair (means: a pair of bits) in the downlink time-based bitmap should be ordered to make all target MSs correctly interpret the PAN field.

This paper discusses the time-based bitmap generation and interpretation in the multiplexing case, and suggests that still two bits are used to refer to a radio block in EGPRS-2. 
2 Problem and Solution
As stated in 3GPP TS 43.064, one mobile station can be assigned a BTTI TBF and an RTTI TBF on non-overlapping PDCH(s) in one direction. According to the way of the bitmap generation is described in [1], two problems occur:

1) A bitmap transmitted in one downlink radio block can not be used to simultaneously acknowledge the reception of BTTI and RTTI radio blocks.
2) When in the downlink direction only BTTI (RTTI) radio blocks are sent, there is no way to acknowledge any uplink RTTI (BTTI) radio block. For the reasons:

a) The network may have no available RTTI (BTTI) blocks to send due to the lack of services with RTTI (BTTI) configuration in the downlink.

b) The network may suspend the scheduling of RTTI (BTTI) blocks due to the limitations in the MS’s multislot capability. 

This paper gives a solution to the above cases. According to the solution, 1) the bitmap can simultaneously acknowledge the reception of BTTI and RTTI radio blocks and 2) the bitmap can be sent in either a BTTI or an RTTI radio block. This can not be achieved by the solution described in [1].
For example in figure 1, MS1 has a BTTI uplink TBF (TS0) and an RTTI uplink TBF (TS1&2) simultaneously, and MS2 only has a BTTI uplink TBF on TS0, 1, and 2. In this case, the bitmap will be inserted in the downlink BTTI block which is sent on TS0. In this bitmap, the network can acknowledge the reception of both the uplink BTTI blocks and RTTI blocks. MS1 shall interpret the bit-pairs which refer to its uplink radio blocks in both the RTTI configuration and BTTI configuration. 

The ordering of bit-pairs for this case is strictly defined in Chapter 3.
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Figure 1: Time-based bitmap sent in BTTI radio block on TS0 to acknowledge the reception of uplink RTTI block and BTTI block simultaneously
3 Solution Principle
3.1 Bitmap Generation principle in the multiplexing case
To include the case when both the RTTI configuration and the BTTI configuration are used on the reported uplink PDCH or PDCH-pair, we propose to adopt the following principle of mapping the bit-pairs to the radio blocks:
The bit-pairs shall be generated based on the basic radio block period regardless of the TTI configuration of uplink radio blocks. Bit-pairs, which refer to the radio blocks received during the same 20ms period, shall be ordered from the lowest to the highest numbered reported PDCH or PDCH-pair. 

This means:
For a PAN field transmitted in a given basic (respectively reduced) radio block starting with TDMA frame N, during the 20 ms period starting with TDMA frame N-TSH or N-TSH-1 mod 2715648:

· If two BTTI blocks are received on two sequentially reported PDCHs, two consecutive pairs of bits in the bitmap shall be used to refer to these two radio blocks. The first pair of bits shall refer to the radio block received on the lower numbered PDCH; the second pair of bits shall refer to the radio block received on the higher numbered PDCH.

· If one BTTI block is received on the reported PDCH and two RTTI blocks are received on the subsequent reported PDCH-pair, three consecutive pairs of bits in the bitmap will be used to refer to these three radio blocks. The first pair of bits shall refer to the radio block received on the PDCH, the second pair of bits shall refer to the radio block received on the PDCH-pair during the 1st 10 ms period of the 20 ms period, and the third pair of bits shall refer to the radio block received on the PDCH-pair during the 2nd 10 ms period of the 20 ms period. 

· If two RTTI blocks are received on the reported PDCH-pair, two consecutive pairs of bits in the bitmap will be used to refer to these two radio blocks. The first pair of bits shall refer to the radio block received on the PDCH-pair during the 1st 10 ms period of the 20 ms period; the second pair of bits shall refer to the radio block received on the PDCH-pair during the 2nd 10 ms period of the 20 ms period.

If there is still space in the PAN field, then the next pair of bits shall refer to the radio block received on the first reported uplink PDCH or PDCH-pair during the 20 ms period starting with TDMA frame N-TSH-4 or N-TSH-5 mod 2715648, etc.
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Figure 2: RTTI blocks multiplexing with BTTI blocks on Uplink

3.2 TSH modification

By adopting this principle, the TSH field also needs be modified so that it can be used for a basic TTI configuration and a reduced TTI configuration in BTTI USF mode. 
TSH (2 bit field): “This field indicates the number of TDMA frames between the most recent radio block period for which feedback information is provided and the radio block period when the bitmap is sent.”
	0 0
	4 TDMA frames (for a basic TTI configuration), 4
, 3 or 6
 TDMA frames (for a reduced TTI configuration in BTTI USF mode), 2 TDMA frames (for a reduced TTI configuration in RTTI USF mode).

	0 1
	8 TDMA frames (for a basic TTI configuration), 81, 3 or 102 TDMA frames (for a reduced TTI configuration in BTTI USF mode), 4 TDMA frames (for a reduced TTI configuration in RTTI USF mode).

	1 0
	12 TDMA frames (for a basic TTI configuration), 121,3 or 142 TDMA frames (for a reduced TTI configuration in BTTI USF mode),   6 TDMA frames (for a reduced TTI configuration in RTTI USF mode).

	1 1
	16 TDMA frames (for a basic TTI configuration), 161,3 or 182 TDMA frames (for a reduced TTI configuration in BTTI USF mode), 8 TDMA frames (for a reduced TTI configuration in RTTI USF mode).
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Figure 3: TSH =00：41 or 62 TDMA frames for RTTI TBF in BTTI USF mode (left), 

    TSH =00：43 TDMA frames for RTTI TBF in BTTI USF mode (right)
It can also be noted that even when there’s no radio block received on the reported PDCH or PDCH-pair, the network shall generate the corresponding bit-pair and set its value to ‘00’.
3.3 Bitmap Interpretation principles
The proposed principles of bitmap interpretation are mainly based on the existing standard except the highlighted lines shown as follows.
For each RLC data block not correctly received the corresponding element in V(B) shall be set to the value NACKED, if the number of basic (respectively reduced) radio block periods between the end of the radio block period used for the last transmission of the corresponding RLC data block and the beginning of the radio block period containing the PAN field is higher or equal than (TSH/4)-1 for TBFs in basic TTI configuration, and if (TSH/4)-1 or (TSH-6)/4 for TBFs in reduced TTI configuration in BTTI USF mode (respectively (TSH/2)-1 for TBFs in reduced TTI configuration in RTTI USF mode), i.e. the RLC data block was not recently (re)transmitted and thus can be validly negatively acknowledged by this particular PAN field, otherwise the corresponding element in V(B) shall not be modified.
4 Time-based Bitmap for EGPRS-2 Enhancements

The time-based bitmap can also be used with EGPRS-2 enhancements. We here propose that still only two bits are used in the PAN field to notify the status of every reported radio block, so that the bitmap can refer to the radio blocks in at least 2 basic radio block periods in both the multiplexing case and non-multiplexing case. For example, for UBS-11 or UBS-12, where four normal bursts carry four RLC blocks, the feedback information for every reported radio block may be described as follows: 
	Bit string
	Meaning

	0 0
	- failed header decoding.
- header correctly received but failed decoding of the payload of the RLC data blocks 

	0 1
	- header correctly received, failed decoding of the first and/or the second RLC data block, correct decoding of the third and the fourth RLC data block

	1 0
	- header correctly received, correct decoding of the first and the second RLC data block, failed decoding of the third and/or the fourth RLC data block

	1 1
	- correct decoding of all the RLC data blocks


5 Conclusion

In this paper, a modified Time-based bitmap generation and interpretation is introduced to acknowledge both RTTI and BTTI blocks of uplink TBFs in a multiplexing BTTI and RTTI configuration assigned on the uplink reported PDCHs or PDCH-pairs. As stated in this paper, the bitmap can simultaneously acknowledge the reception of BTTI and RTTI radio blocks and the bitmap can be sent in either a BTTI or an RTTI radio block. Thus both the bitmap flexibility and bitmap efficiency are increased.
Furthermore, it is proposed that a pair of bits in the bitmap for EGPRS-2 enhancements can refer to the radio block which may carry more than two RLC blocks.
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� Activated when the bitmap is transmitted in the first reduced radio block of a basic radio block period as shown in the left part of figure 3.


� Activated when the bitmap is transmitted in the second reduced radio block of a basic radio block period as shown in the left part of figure 3.


3 Activated when the bitmap is transmitted in a basic radio block as shown in the right part of figure 3.
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