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1. Introduction

The present contribution discusses first the current status regarding the HI content and transmission, in both RAN1 and RAN2 documentation and identifies differences. Whereas the content of HI and its transmission characteristics are still open in RAN2, RAN 1 already took some decision, based on some requirements in terms of complexity at the UE mostly. Even though some other requirements in terms of compatibility with Rel-99 in case of Soft handover are well identified, it is not clear yet which are the requirements for the HI, neither whether a transmission scheme allowing to meet the requirement effectively exists. Therefore in a second step the contribution clarifies the requirements for the transmission of the HI. Then it evaluates the different transmission schemes proposed in contributions submitted to RAN1 HSDPA ad-hoc towards these requirements. Based on this analysis it appears that some assumptions taken by RAN1 may need to be revisited. Different solutions in terms of content and possible transmission scheme are hence identified. 

2. Current status for the HI content and transmission schemes in RAN1 and RAN2 documentations

2.1. RAN2 status

The current agreement as far as the two step approach downlink signalling as captured in TS 25.308 [1] consists in having an HI indicator carried on the DPCH associated to the HS-DSCH(s). The exact content of the HI is still under consideration. In particular it is to be decided whether the HI only indicates to the UE that some transmission on the HS-DSCH(s) will be scheduled, in which case it should go and read the HS-DSCH shared control channel(s). Another possibility is that the HI points to the HS-DSCH shared control channel, within the set of channels it may receive information from, which carries information for that particular UE.  RAN 2 did not make any decision or recommendation on the HI transmission scheme.

2.2. RAN 1 status

RAN WG1 captured in its TR different decisions, which are not fully consistent with RAN2. 

· First RAN 1 assumes that the only possibility for the HI is to point to the HS-DSCH shared control channel carrying information for the UE. 

· On the basis that there is a maximum of 4 HS-DSCH shared control channels configured to carry information for a particular UE, the number of values of the HI is 5 (4 corresponding to each of these 4 HS-DSCH control channels and one corresponding to “no transmission”). 

· RAN WG1’s current assumption is that the HI transmission occupies only one slot per TTI. Though there is overlap between the HS-DSCH shared control channel TTI (3 slots) and the slot carrying the HI, meaning that the UE starts to de-spread all 4 shared control channels, until the HI is decoded. Though the HI is received at least one slot before the end of the shared control channel. Our understanding is that such transmission scheme aims at avoiding the decoding of al 4 HS-DSCH shared control channel. However it is not clear how much processing it really saves as demodulation/de-spreading  is performed on all 4 channels.

· an example was included in the RAN 1 TR in which the HI is transmitted on one symbol only in one slot (so there is no channel coding on the HI) and DTX allows to encode the fifth value (no transmission).

3. Requirements 

The following set of requirements are proposed for the HI transmission, assuming that a HI is effectively needed :

· Considering that the HI transmission takes place on the associated DPCH which may be in soft handover, the HI transmission on one radio link must not require the introduction of new slot formats for Rel-99 cells no transmitting the HS-DSCH and hence the HI. In addition to the absence of slot format modification, the introduction of the HI should not require any modification of the coding and mapping of bits within the different fields in the slots. If the requirement related to the coding or mapping was to be lifted, then the requirement on the modification of the slot format could also be lifted.

· The robustness of the HI must be high enough

· The relative timing between the HI and the HS-DSCH shared control information must allow some saving on the processing and/or battery life of the UE, thanks to the decoding of the HI sufficiently early enough to interrupt demodulation/decoding of the HS-DSCH shared control channels (if the HI is an ON/OFF indicator) when the HI is set to OFF, or to interrupt the demodulation/decoding of all 4 HS-DSCH control channels and demodulate/decode at most one HS-DSCH shared control channel when the HI is  pointer onto the HS-DSCH carrying information for the UE for a HS-DSH frame. If the battery life saving or the processing saving is not large enough we may as well have no HI transmission.

4. Evaluation of different solutions proposed so far

4.1. RAN 1 documented solution

So far there is no complete solution documented. It is only agreed that the HI transmission takes place on one slot and that the HI is a pointer. 

· When such a decision was taken, only timing was discussed. however the gain obtained in processing load and battery life was not provided. 

· The robustness of the proposed example for the transmission scheme (HI on one symbol and DTXed to indicate the absence of transmission) was not evaluated. If we compared with the PC symbol error rate it was in the order of 4% statistically when looking at all propagation conditions. However the HI’s error rate is higher as DTX operation on HI may lead to false detection of presence of HI or more critically missed detection. Finally 2 information bits (corresponding to 4 valued) are transmitted per symbol rather than 1 for the PC. 

· Finally RAN1 documentation does not presently says where the HI symbol is stolen from : TPC, TFCI, pilot bits or data bits. So it is not clear how the requirement in terms of modification of slot format/coding of field for the Rel-99 cell can be met?

4.2. Nokia solution [3]

In reference [3] Nokia reviews different solutions for the HI transmission, which can only be obtained by stealing some bits on the presently existing fields. 

Stealing pilot bits is rejected as this would prevent beam-forming on DCHs and other channels (e.g. HS-DSCH channels). Stealing TPC bits is also rejected as this would deteriorate closed loop power control. Finally stealing the data bits is no favoured either as this may require more advanced soft combining in the UE. Indeed the UE may have to account for the fact that some bits in a one radio link are punctured and not in other, leading to combing between a sub-set of the radio links for some bits, depending on the slot.

Therefore the only workable solution in [3] is stealing bits on the TFCI. In order to avoid modification of the slot format in rel-99, Nokia suggested to rely on the TFCI hard split. Though we fail to understand the details of the proposal as explained below. 

· Indeed in the hard-split of Rel-99, half of the bits are used for the transmission of the TFCI field 1) corresponding to the TFC of the DCHs whereas half of the other bits are used for the TFCI (field2) corresponding to the TFC and channelisation codes of the DSCH. Furthermore the mapping is such that half of each TFCI symbol is for TFCI (field 1) and half for the TFCI(filed 2). 

· In the Nokia proposal the HI is transmitted in one slot and the DCH TFCI in separate slots (but it is not clear whether these are 2 slots or  3 slots). In any case this means a different mapping of the TFCI bits between TFCI(field 1 and field 2) so this is not consistent with the requirement of not changing the mapping of the bits compared to rel-99. If mapping was modified then the cells in the active set not transmitting the HS-DSCH would need to implement some new coding that would only be included from Rel-5.

4.3. Samsung’s solution [4]

Samsung proposed in fact two solutions as follows depending on whether the cells in the active set support of not the TFCI hard split

· Solution 1 : use of the pilot bits

if the cells in the active do not all support the TFCI hard split then it is proposed to use the pilot bits. However as indicated by Nokia this prevent the use of beam-forming based on dedicated pilots.

· Solution 2 : hard split mode

The solution 2 relies also on the TFCI hard-split. However two sub-cases are considered depending on the SF or equivalently the number of TFCI bits per slot. If the number of TFCI bits equals 8 (for SF <=64) then only TFCI bits are used for the transmission of the HI, but all 8 bits are used. However similarly to the Nokia proposal it seems that it is assumed that the HI occupies all TFCI symbols contained in one slot. This means that the mapping of the bits if changed between TFCI (field 1 and TFCI field 2). Indeed if it was respected, then only half of each symbol would carry the HI. Similarly for SF>64, the HI is supposed to the carried by the 2 TFCI bits and 2 pilot bits in one slot, which again means that the full TFCI symbol in one slot is used. 

5. Proposed way forward

Based on the above discussion we would like to review the different possibilities and add some others that may meet some of the requirement but possibly lead to some change of assumptions compared to the current status in RAN1 :

5.1. Analysis of the situation for a ON/OFF or pointer HI and for overlap transmission of DCH and HS-DSCH shared control channel

We can also agree that stealing the pilot bits is not a preferred solution in order to retain the possibility to do beam-forming based on dedicated pilots. 

The effect of stealing the TPC symbols differs depending on the Power control mode, either normal mode or the DPC mode. This may be worth estimating the impact depending on the speed and environment. In that case though the Hi would occupy one symbol, which means no channel coding on HI and some possibly too low robustness in particular if the HI is a pointer rather than a ON/OFF indicator.

Stealing the data bits would require some clever combining at the UE, but it is not systematic. Bit stealing may be treated only as errors. The impact of the data bit stealing would be dependent on the code rate and the required robustness on the HI. 

Last but not least, the usage of the TFCI bits. We could accept that all cells in the active set are assumed to support the TFCI in hard-split of rel-99 or the flexible split to be included in Rel-5. However for the rel-99 hard split there should not be any modification of the bit mapping. This would means that for SF >64, only one bit per slot would be usage for the HI. It becomes then questionable to transmit the TFCI on one slot only if the HI is a pointer, rather than an ON/OFF indicator. 2 slots as a minimum would be needed for a pointer HI. However the gain in terms of battery and processing power for a two slot HI becomes more questionable, assuming overlap between the HS-DSCH control channel and the DCH. 

5.2. Way forward

There is no fully satisfactory solution so far for a one slot HI transmission, where the HI is a pointer. The following need to be revisited :

· Is the HI really needed ?

· HI as a ON/OFF vs. a pointer

· One slot transmission for HI with HS-DSCH transmitted as much as one slot in advance of DCH in the worst case. IF there was one slot delay inserted compare to current assumption of RAN1, this could allow for transmission of HI over 2 slots with same gain in processing/ battery life as the expense of one slot delay with only impact on the link adaptation efficiency.

· What is the impact of stealing TPC bits or data bits ?

6. Conclusion

The present contribution showed that RAN 1 took decisions beyond the RAN 2 agreement. There is no obvious transmission scheme, among those already discussed and submitted to the RAN 1 ad-hoc which allows to full robustness and compatibility requirements with R99. It is proposed that the decisions taken by RAN1 are re-evaluated in particular the transmission of HI over one slot and before all the need for HI/content of HI. If it appears that some processing power and battery life is saved by HI, then some solution may consist in relaxing some of the delay requirements such as the one slot transmission and overlapping HS-DCH control channels with DCH. If the stealing of TFCI bits was to be retained, then TFCI hard split but also the flexible split could be investigated.
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