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RTTI and Fast Ack/Nack reporting
This paper is an update of [7] presented at GERAN2#29bis, containing some further clarifications and aiming at reducing the number of options.
1. Introduction
Several contributions have been presented so far (e.g. [1],[2]) suggesting to introduce a Fast Ack/Nack Reporting (FANR) mechanism to help reduce latency in GERAN.

The usage of Fast Ack/Nack reporting together with RTTI blocks is also one of the working assumptions in a paper presented at this meeting [3], summarizing the needed changes to obtain latency improvements.
This document concentrates on some further details regarding the FANR proposal, especially when combined with the RTTI approach.
2. Independently coded bitmap 

In [1] it was suggested to include the short bitmap in the payload of an RLC data block (essentially due to the lack of free space in the header). This is the assumption also in [2], even though a bitmap-specific CRC is added in this case. 
Inserting the bitmap in the payload implies a number of problems:

· If a different bitmap is included when an RLC data block (originally containing a short bitmap) is retransmitted, some impact is expected on the performance of the soft decoding process (which can be solved at the expenses of some unused bandwidth, as described in [1])
· Alternatively, if the same bitmap is included when the RLC data block is retransmitted, it is expected that great part of the gain of the FANR proposal would be lost!
Furthermore, preliminary simulation results (not reported here) have shown that in realistic radio conditions (around 10 dB) the number of lost bitmaps (due to the “poor” coding of the payload) is high enough to greatly reduce the benefits of the proposal.
The suggestion is therefore to define an independently coded bitmap, with a coding robustness similar to the one used for the header. 
It should also be noticed that, with respect to the idea of defining new headers that could host the bitmap, this has a clear immediate advantage: no new header formats for RLC/MAC blocks containing a short bitmap would have to be signalled (via the stealing flags) to the receiver.
The only needed change to legacy headers is the redefinition of a (spare) bit to indicate the presence of a short bitmap and – implicitly - a reduced payload size.
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Figure 1a: RLC/MAC block with no bitmap included
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Figure 1b: RLC/MAC block with separately coded bitmap
Other benefits with defining an independently coded bitmap are described in sections 3 and 4.

In Table 1 a list of coding parameters is shown for the RTTI-equivalent of MCS2, MCS3, MCS5 and MCS6, with and without a short bitmap included (these parameters are at the basis of link layer simulations results for RTTI blocks that are presented at this meeting [6]).

	
	
	RTTI

2 w/o bitmap
	RTTI

2 w/ bitmap
	RTTI

3 w/o bitmap
	RTTI

3 w/ bitmap
	RTTI

5 w/o bitmap
	RTTI

5 w/ bitmap
	RTTI

6 w/o bitmap
	RTTI

6 w/ bitmap

	Raw
	Header
	31
	31
	31
	31
	37
	37
	37
	37

	
	Bitmap
	0
	20
	0
	20
	0
	20
	0
	20

	
	Data
	226
	194
	298
	266
	450
	386
	594
	530

	Coded

(+CRCs)
	Header
	117
	117
	117
	117
	135
	135
	135
	135

	
	Bitmap
	0
	78
	0
	78
	0
	78
	0
	78

	
	Data
	732
	636
	948
	852
	1404
	1212
	1836
	1644

	Punctured
	Header
	80
	80
	80
	80
	136
	136
	136
	136

	
	Bitmap
	0
	54
	0
	54
	0
	78
	0
	78

	
	Data
	372
	318
	372
	318
	1248
	1170
	1248
	1170

	Over head
	
	12
	12
	12
	12
	8
	8
	8
	8

	Total
	
	464
	464
	464
	464
	1392
	1392
	1392
	1392

	· The Header coding is kept unchanged 

· The bitmap is independently coded (with a 6 bit CRC)

· Data has 12 bit CRC

· USF bits are included in the header (the coding of USF is unchanged)

· Over head refers to stealing flags (and extra stealing flags in case of MCS 1-4)

· The coding of the data for RTTI-MCS 2 and RTTI-MCS 3 with bitmap is slightly less robust than the corresponding coding schemes without bitmap

· The coding of the data for RTTI-MCS 5 and RTTI-MCS 6 with bitmap is slightly more robust than the corresponding coding schemes without bitmap

· The coding schemes for RTTI MCS schemes without bitmap is kept exactly same as the current MCS schemes (Only the burst mapping changes to allow the RTTI option)


Table 1. Raw and coded bits for RTTI blocks, with and without a bitmap included.

With the parameters in the table, the payload of RTTI-MCS2/3 when a short bitmap is included is reduced by 4 octets (24 instead of 28 and 33 instead of 37). The payload of RTTI-MCS5/6 when a short bitmap is included is reduced by 8 octets (48 instead of 56 and 66 instead of 74). This is needed to allow the segmentation of RTTI-MCS5/6 (w/ bitmap) into 2 RTTI-MCS2/3 (w/ bitmap).
3. Fast Ack/Nack Reporting in the DL

As anticipated in [2], and also considered in simulation results shown in [5], the idea to realize a FANR solution is beneficial (if not essential for services like VoIP) also in the DL.

Having an independently coded bitmap in this case would also allow the possibility to define it as a sort of multicast field, that can be read by all the mobile stations monitoring the 2 timeslots (2 timeslots are needed in the “10 ms TTI” case) where the RTTI radio block containing the bitmap is sent. 

Therefore the “DL bitmap” could provide feedback information for a number of UL TBFs, and not only for the UL TBF(s) corresponding to the DL TBF for which the DL radio block containing the bitmap is scheduled. 
Of course this also implies that a time-based reference (as in [1]) is used, rather than a SSN-based reference (as in [2]). Furthermore to account for EDA allocations (where more timeslots are allocated in the UL than in the DL) an indication needs to be provided in the short bitmap regarding the timeslots for which feedback is provided.
A possible solution is to use the first 4 bits of the DL bitmap to indicate for which groups of 2 timeslots (2 timeslots being the minimum allocation unit in case of “10 ms TTI” TBFs) feedback is provided. The other 16 bits would be used to provide feedback for all the blocks received in the recent past on the advertised timeslots, according to rules similar to those outlined in [1]:

1. Since there might be two RLC data blocks per radio block (in case of MCS 7/8/9), two bits per radio block are needed in the bitmap. For every radio block, the network shall set the pair of bits in the short bitmap in the following way: 

	0 0
	- 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)

	0 1
	header correctly received, failed decoding of the first RLC data block, correct decoding of the second RLC data block 

	1 0
	header correctly received, correct decoding of the first RLC data block, failed decoding of the second RLC data block 

	1 1
	correct decoding of the payload of the RLC block, or correct decoding of both the first and second RLC data blocks


2. The first pair of bits in the short bitmap shall refer to the radio block received on the first advertised timeslot pair, the second pair of bits shall refer to the radio block received on the second advertised timeslot pair, etc. Then the next pair of bits shall refer to the radio block received on the first advertised timeslot pair during the previous TTI period and so on.
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Figure 2. Example of Fast Ack/Nack Reporting in the DL 
An example of DL bitmap is shown in Figure 2. The bitmap is sent in an 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 for all of them. For instance the bitmap (again, sent on timeslots 0&1) carries feedback information for MS3, that only has an UL TBF allocated on timeslots 2&3.

Another important advantage of the introduction of a separately coded bitmap with a time-based reference approach is that in principle the DL bitmap could prepared directly by the BTS. In fact the BTS doesn’t need to keep track of the BSN of received blocks, but certainly knows if RLC blocks were correctly received in the previous radio block periods and therefore can fill in the DL bitmap accordingly, without the intervention of the PCU. With this solution it would be possible to achieve a minimum retransmission time in the UL of 2 TTI periods (i.e. 20 ms in case of the “10 ms TTI” solution, as shown in Figure 3), thus realizing the so-called “High Speed H-ARQ” solution, for UL transmission. The benefits of this solution are presented in the simulation results shown in [5].
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Figure 3: Minimum retransmission time in the UL

4. Fast Ack/Nack Reporting in the UL

A combined RTTI/FANR solution in the UL could work as described in [1], but even here with a separately coded bitmap (mainly for performance reasons in this case). The bitmap could be filled  by using a time-based approach also in this case, as shown in the previous version of this paper [7]. But this would probably put a limit on the maximum number of TBFs that could be multiplexed on the same PDCHs.
Therefore, for FANR in the UL a better alternative is probably the SSN-based approach (as in [2]). The problem in this case is the space needed to include the Starting Sequence Number (11 bits) in the short Ack/Nack bitmap (only 9 bits would be left in case of a 20 bits bitmap). Solutions to reduce the SSN length in short Ack/Nack bitmaps should be therefore investigated.
Another issue for discussion is the possible trigger for FANR in the UL.
In [1] (but also in [2]) it was suggested that the bitmap should be included by the MS upon explicit polling (via ES/P and RRBP fields) by the network. But considering that during retransmission of blocks originally containing a bitmap, blocks containing a (different, updated) bitmap can anyway be sent in the UL even if a polling indication was not received, it make sense to remove this restriction, allowing the MS to insert a bitmap in the UL even when not explicitly polled. 
Another possibility is to mandate the MS to always send a bitmap in all RLC data blocks transmitted – when scheduled via the USF - on the timeslot pair carrying the PACCH. Considering that – to achieve the final goal of the FANR proposal, i.e. to provide feedback as fast as possible -  the MS would probably be polled every time it is allowed to transmit in the UL, there would be no difference in terms of bandwidth waste. On the other hand the FANR performance would increase: with the polling approach both polling requests and polling responses could get lost, while with a continuous transmission of bitmaps in the UL only “responses” could get lost.
Another alternative was suggested in [2], i.e. the possibility of an event-driven bitmap reporting strategy at the MS. This approach would probably imply a lower bandwidth utilization, but the risk – in the proposal presented so far – is a poorer overall performance. This may happen for instance in case where the event-driven bitmap gets lost during the UL transmission: in this case the MS needs at least one RTT to realize that either the bitmap was not received or the requested retransmission failed again, before sending another event-driven bitmap in the UL. The event-driven reporting approach should be therefore “protected”, for instance mandating the MS to insert a bitmap in a few consecutive RLC data blocks when an “event” is detected.
At the end, the suggested Working Assumptions for FANR in the UL are:
· A SSN-based approach will be used to fill in the short Ack/Nack bitmap
· Whenever the MS is polled (via the ES/P & RRBP fields):

· A short Ack/Nack bitmap is piggybacked in an RLC data block if there is data to transmit in the uplink
· A normal (legacy) PDAN message is sent if there is no data to be sent
· A MS is allowed to piggyback a short Ack/Nack bitmap in an RLC data block even when no polling indication is set by the network. This can be done by the MS in an event-driven manner, e.g. only when an RLC block is not correctly received (i.e. when an out-of-sequence condition is detected at the receiver). In this case a reliable mechanism needs to be defined, e.g. by specifying that the MS shall insert a bitmap in a few consecutive RLC data blocks.
5. Conclusions

A quite detailed solution for a combined RTTI and FANR approach has been described. 

The main ideas are:

· The short bitmap included in RLC data blocks should be independently coded (both in DL and UL). The presence of the bitmap would be signalled by a bit in the header.
· In the DL, the bitmap could carry multicast information for all the mobile stations monitoring the timeslots where the radio block containing the bitmap is sent. In this case a time-based reference approach has to be adopted. 
· By filling in the DL bitmap at the BTS a “High Speed H-ARQ” solution for UL transmission can be realized.
· For FANR in the UL, an SSN-based approach seems a better solution. 
· For FANR in the UL, the “event-driven reporting” scheme is supported, provided its reliability is improved by mandating the MS to insert a bitmap in a few consecutive RLC data blocks.
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