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1. Introduction

2. During the last RAN1 meeting and also during discussions on the reflector, numerous comments were  made regarding the necessity to keep the HI and the problems which may arise from its performance. In this paper we summarise what has been said so far and we propose a way forward.

3. Agreement and open issues in RAN1 from RAN1#23

At the last meeting WG1 in Espoo, it was decided that the HI would remain as part of the DL signalling related to HSDPA however, when only one HS-SCCH has been configured for a given UE for the connection, the HI can be omitted and DTX only is used in the corresponding associated DPCH for that UE. Taking into account the coding scheme also agreed at this meeting, the performance of DL signalling is acceptable.

Still some concerns were raised by a number of companies that the HI when present may not be sufficiently reliable. Indeed the HI is only one symbol stolen from the DPDCH symbols of the associated DPCH. It is generally understood that this particular symbol will be transmitted with increased power but there has been no discussion so far on the amount of extra power which may be needed to reliably transmit the HI.

Another open point is the transmission scheme of the HI. Several proposals were discussed and it was agreed at RAN1#22 that the HI would be obtained by stealing one QPSK symbol on the DPCH. The performance degradation on the DPCH was evaluated and it appeared that with a symbol stealing at a fixed position in the slot, the degradation could be as high as 1 dB. The proposal described in [1] allowed to significantly reduce the performance degradation, by varying the position in the slot of the stolen symbol to overcome issues due to interaction with the first and second interleaver. No conclusion was taken on that particular proposal as some companies felt it may be complex to the UE and timing relation between the HI and the HS-SCCH was to be clarified. . Also interactions with existing features such as e.g. compressed mode have not been investigated into details.

4. What is the consequence of not having a reliable HI?

4.1. Number of HS-SCCH per HS-SCCH code set per UE in practice

If the HI is not reliable enough, the consequence will be that it will never be used to obtain an acceptable HSDPA performance and provide the bit rates achievable with HSDPA. Never using the HI means always configuring one HS-SCCH per mobile or x HS-SCCHs, (where x<4) if it is agreed that the UE is not required to decode the HI if it is allocated up to x HS-SCCHs. However as we will describe in the following paragraph this solution is not acceptable to us.

4.2. Consequence on node B scheduling flexibility 

Indeed when HSDPA is configured in a cell a certain amount of power and a certain number of codes (both for HS-PDSCH and HS-SCCH operation) are allocated to the node B by the RNC for a given cell. With these codes and this power the node B is able to schedule HSDPA transmission to mobiles using a number of measurements provided by the mobiles themselves.

If only 1 or 2 HS-SCCHs can be configured by mobile, it implies that the node B will have to map a certain number of mobiles on the same HS-SCCH(s). This will inevitably lead to a restriction on the scheduling flexibility in the node B. Indeed if several mobiles have been mapped to the same HS-SCCH and the node B has enough resources on the HS-PDSCH codes to schedule data to several of these UEs, it will be limited in the scheduling to these mobile because of limited HS-SCCH resource. The node B will have to use time multiplexing on the HS-PDSCH codes because it is forced to use time multiplexing also on the HS-SCCH due to limited resource available. Of course one could argue that the node B and RNC are allowed to allocate as many HS-SCCH codes as mobiles to overcome this limitation but this would be a waste of radio resource. 

The only way to do it will be using RRC signalling with e.g. the node B informing the RNC that it needs to move a UE from one or two HS-SCCH code to another set of 2, the RNC performing a synchronised reconfiguration  of HSDPA resource towards the node B and the UE. The problem is that this will take time and may not systematically be compatible with the constraints imposed by HSDPA processing. There is then a risk that the claimed bit rates with HSDPA will not be those announced due to this limitation.

Therefore from our point-of-view, if the HI cannot be made reliable enough we think that limiting the number of HS-SCCH that the UE is able to decode when the HI is not present to 1or even 2 without possibility to change quickly the set of HS-SCCHs is unacceptable because it will considerable reduce the freedom of scheduling at the node B level.

4.3. Consequence on the radio resource and hardware resource management in the cell

Another aspect that may be worth considering is internal node B hardware arrangements. The use of hardware in the node B is generally speaking not seen from the RNC and in particular the mapping of the UEs and codes (HS-PDSCH and HS-SCCH) on the hardware resource is not seen other than through logical identifications.

In case the manufacturer has chosen to configure only one or possibly 2 HS-SCCHs per mobile to avoid using the HI, there will be no fast way to change the mapping of the UEs on the hardware resource depending on the load, the bit rate required by a given UE...  This will put some limitation on the number of mobiles which can be admitted with an HDSDPA connection.

As mentioned in the previous section, the only solution would be to have synchronised reconfiguration to change the HS-SCCH set for a given mobile.

Based on the above discussion, we think that limiting the number of HS-SCCHs the node B is able to use for scheduling HSDPA control information to one mobile, to 1 or 2 is not acceptable as such. Since we do not want to block the progress of HSDPA in RAN1, we would like to propose the following mechanism to avoid blocking of the HS-SCCH code resource.

5. Slow modification of serving HS-SCCH set to overcome issues of absence of HI 

At their last meeting, RAN2 and RAN3 have introduced the notion of HS-SCCH set with an option that may help us cope with the problem of the HI without impacting the UE complexity too much.

An HS-SCCH set is a group of HS-SCCHs on which the node B may transmit HSDPA related control information to a given UE. In our current assumption the number of HS-SCCHs in the set is equal to 4 for a given UE. Note that this notion of set is relative to a given UE and not to the node B. The HS-SCCH set used at a given time instant for a given mobile is called serving HS-SCCH set for this mobile.

· RAN2 has also discussed that on a slow basis (i.e. slower than the HSDPA TTI) the HS-SCCH set used by the node B for a given mobile may change during the connection based on e.g. load constraints on the node B hardware [2]. The following alternatives have been discussed

· Alternative 1: The Serving HS-SCCH set is provided at HS-DSCH allocation to a UE i.e. the Node B, at the creation of the HS-DSCH for this UE, provides the DRNC with the Serving HS-SCCH for the UE, and this is sent to the UE by RRC signalling. All modification of the Serving HS-SCCH set for a UE has to involve a layer 3 procedure with the Node B, RNC and UE (it could be done via a modification procedure, or only with a release/establish procedure)

· Alternative 2: The Serving HS-SCCH set is determined and can be modified autonomously by the Node B i.e. at the creation of a HS-DSCH for a UE, the complete list (or a sub-list provided by the Node B) of HS-DSCH sets, along with a starting Serving HS-SCCH set, is provided by the SRNC to the UE via RRC signalling. Then the Node B, via layer 1 signalling (using puncturing like for the HI, with a very low bit rate), can change the Serving HS-SCCH set of the UE according to internal Node B migrations. A proposal for such signalling is described in the following section.

Our proposal for the way forward is based on alternative 2. Since some companies think that removing the HI and keeping the number of HS-SCCH that the UE has to monitor to 4 puts too much burden on the UE, we propose that the HI is removed but the number of HS-SCCHs that the UE is required to monitor is decreased to 2. In order not to put too much constraints on node B internal re-arrangements,  we would also introduce a L1 signalling mechanism that allows the node B to reconfigure the serving  HS-SCCH set used for a given mobile. The possibility to decrease to 2  the number of shared control channels that the mobile is able to decode without HI limits the added complexity to the mobile. In addition since the reconfiguration of the serving HS-SCCH set is not needed as frequently as the HSDPA TTI but rather on few tens of ms basis the information on the serving HS-SCCH set could be channel encoded to avoid any reliability issues.

· To summarise the proposal

· HI is removed

· Number of HS-SCCHs in the HS-SCCH set is 2

· Serving HS-SCCH set can be reconfigured on e.g. a 80 ms basis using layer 1 signalling

With this proposal we believe that we are able to take into account both UE complexity issues which has been given as a reason to keep the HI and also flexibility in the scheduling on both the HS-PDSCH and HS-SCCH codes used for HSDPA operation.

6. L1 signalling to support slow modification of the HS-SCCH set

In the present section, an example of L1 signalling to support the slow update of the serving HS-SCCH set for the UE is presented. There may be alternative ways but this particular proposal is considered as the simplest one with minimum impact on the DPCH and very limited complexity on the UE.

6.1. Requirements of the serving HS-SCCH set transmission

The serving HS-SCCH set does not need to be updated on a HSDPA TTI basis. 80 ms could be a good figure considering the HS-SCCH set size or 2 and minimum level of multiplexing. 

The size of the list of HS-SCCH set does not need to be too large, so the number of bits to encode the serving HS-SCCH could be small e.g. 4-5 bits

6.2. Example Transmission scheme 

· With such a "large" refresh period of the serving HS-SCCH (80ms) and size of the HS-SCCH set information the following is proposed

· Transmission is based on symbols stealing on the DPCH at fixed position in one slot.

· The stealing rate is  much lower than what was anticipated for the HI : it could be as low as like 1 symbol per radio frame (10 ms) compared to 5 per radio frame as for the HI

· Channel coding is applied to make the HS-SCCH set information reliable. One possibility is to apply  the TFCI in hard split (5,16). 

· Some may see this L1 signalling as another HI and anticipate similar performance issue as with the HI. This L1 information is however very different from the HI on a number of point :

· Stealing is done at a much lower rate (only 1 symbol per radio frame rather than 5 per radio frame)

· The performance degradation on the DPCH is very small due to the slow rate of stealing and the elimination of problem due to the interaction between the stealing pattern and the interleaver as identified by Nortel in [1] Therefore no sliding pattern as proposed to overcome performance degradation with the HI is needed.

· Channel coding is applied to get a reliable indication; The channel coding proposed is the same as the one used for the TFCI in hard split mode, the only difference is the longer interleaver (80 ms rather than 10 ms) so the performance of the L1 signalling transmission can only be better that that of the TFCI in hard split mode.

7. Conclusion 

If the HI is retained and no solution to make it work is found to make it reliable, then it is our view that the UTRAN will have no other choice but to configure the HS-SCCHs in such as way that the a UE is assigned one HS-SCCH. Whereas this will cause no problem for the UE, it is our understanding that this will significantly decrease the efficiency of radio resource management by the Node B or set tight requirements on the Node B architecture, which would be incompatible with  legacy equipment.

A proposed way forward would be to adopt a compromise solution as follows : we would  have a small number of HS-SCCH channels in the HS-SCCH set (1 or 2) but be able to change that set within a defined list of HS-SCCH sets on a slow basis. The slow modification of the HS-SCCH set was discussed at the last RAN2 and RAN3 meeting and is documented in the draft CR on 25.308. In this particular contribution an example for the  transmission scheme for the corresponding HS-SCCH set indication is proposed.

· The combination of the slow modification of the HS-SCCH set as discussed in RAN 2 and the small number of HS-SCCH in the HS-SCCH set is seen as a good solution for both the UE and the Node B 

· From the UE point of view the UE would need to monitor a small number of HS-SCCH codes (1 or 2) hence avoiding the possible complexity increase with 4 Hs-SCCH to decode. The L1 signalling to support the slow modification is simple and based on existing channel coding schemes.

· From the Node B point of view, the loss of efficiency and constraint on the architecture are overcome by the possibility to change slowly the HS-SCCH set for each UE. That dynamic change may be disabled in a explicit or implicit way. Highly flexible Node B could therefore live without it. 
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