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1. Introduction

In the last RAN WG1 meeting in Seattle some questions regarding our CQI reporting enhancement [1] have been expressed. Mainly they were related to the following topics:

· Performance and reliability of new one slot HS-SCCH

· Operation of fast CQI requesting within a fully loaded system

· Interaction of our proposal with inter TTI UEs

· RRC and Node B signaling

In this document we restate our proposal, highlight the core scheme and indicate possible extensions and combinations with other currently discussed CQI improvements. Further, we clarify the raised questions. In doing so, we refer mainly to the core proposal. For the extensions and combinations more investigations are needed. However this depends on the chosen overall solution and could be done after deciding the core part.

2. Fast CQI Requesting

For HSDPA with fast scheduling, AMC and HARQ, signaling of specific physical layer information is needed and therefore mainly the following parameters can be identified:

· HS-SCCH set

· Repetition factor of ACK/NACK

· CQI feedback cycle 

· Repetition factor of CQI

· Measurement power offset 

As specified, the parameters are signaled through RRC procedures to UE and Node B and in case changes are required a reconfiguration is needed. However the higher layer signaling is slow due to delays in the radio access network and the usage of longer TTIs for transmission.

The current CQI reporting can be seen as a semi-static fixed rate scheme and there is room to optimize the Node B scheduling efficiency in particular for the initial packets of a packet call by introducing a dynamic component for Release 6.

In a strict sense, the core part of our proposal as outlined in [1] is to maintain the feedback cycle based CQI reporting and add the possibility to request a fast CQI report triggered by HS-SCCH signaling. This ensures having an up-to-date CQI report prior to the first packet of a packet call, if the feedback cycle based information is antiquated. We reuse the redundant area of the channelization code-set-mapping and the modulation scheme information bit. Therefore the HS-SCCH coding performance for normal operation is not effected. As can be seen in Figure 1 a total of eight new messages can be defined (bit sequence xcss=1110xxx, x={0,1}) within the redundant area.
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Figure 1: CQI Signaling Messages in Channelization Code-Set Mapping

For our core proposal we only need a single message M1, which is coded for example as described in Table 1 and the resulting bits are mapped to the first slot of the HS-SCCH sub frame. The second and third slot of the sub frame are not used (DTX).

	
	Message
	Remarks
	Bits xccs,1, ..., xccs,7, xms,1

	M1
	Single CQI request
	Request a single CQI report (allows to trigger CQI report prior to data transmission)
	1110 0000


Table 1: Fast Signaling Message M1 for HS-SCCH Part 1
3. General Aspects

As already mentioned our proposal enables the scheduler in Node B to request a fast CQI measurement just before a HS-DSCH transmission is initiated. Therefore the downlink HS-DSCH transport format and power can be adjusted more reliably and interference as well as the number of required retransmissions is reduced. Also the scheduling efficiency can be optimized and throughput can be increased

Furthermore in case of SHO, where it is not possible to track the DL channel conditions by evaluation of associated DPCCH power control commands, fast CQI requesting is the only way to obtain a reliable information about the current channel condition.

Regarding compatibility with Release 5 UEs, RRC may set up the regular CQI reporting cycle (parameter k) differently for UEs supporting fast signaling or not. Depending on the actual value of k and the UE capability, MAC-hs decides on the use of request for additional CQI information. No explicit higher layer message is needed to inform RRC about fast CQI usage.

4. Operation within a fully loaded system

There were concerns, what happens with the fast CQI requesting in a fully loaded system. To answer this we distinguish the case of a fully loaded system with congested HS-SCCHs and the case of a fully loaded system limited by HS-DSCH capacity. 

In the first case there is no room to use HS-SCCH for signaling fast CQI requests, because the HS-SCCH is already fully used for scheduling information to the UEs. In that case some queues will exist in the scheduler for UEs that could not yet been served due to limited HS-SCCH capacity. Therefore the scheduler has anyway a wide choice of those UEs queuing for HSDPA data. Among them there should be promising UEs to schedule, where Node B has a rather up-to-date and good CQI information due to the periodic CQI reporting which is staggered between UEs. So we think, in that case additional fast CQI requests are not needed.

In the second case there should not be a problem either, because the HS-DSCH is fully loaded, but HS-SCCH is not at the limit and fast CQI signaling is possible.

Summarizing, how a fully loaded system looks like depends a lot on the cell configuration and the nature of the data traffic. We think, if the HS-SCCH is fully loaded, there should be no problem to schedule UEs with good and up-to-date CQI information efficiently without using fast dynamic CQI requests. But in case the number of UEs with good and up-to-date CQI information due to periodic CQI reporting is too small for making reasonable scheduling decisions, additional fast CQI requests can significantly improve the performance. In that case congestion of HS-SCCH should occur rarely. Certainly one could argue to change the CQI reporting cycle in order to get more frequently CQI information at Node B and not to use fast CQI requests. But requesting CQI reports when needed, e.g. specifically at the beginning or sometimes within an active HS-DPCCH period, leads to a significant reduction in uplink interference compared to increasing the CQI reporting rate all the time. This was shown in [3] for a variable rate CQI scheme, but basically the results can be transferred to our scheme as well.

5. Performance of one slot HS-SCCH for fast CQI requesting

Due to questions regarding the new one slot HS-SCCH, we made some investigations and came to the conclusion, that there seems to be no noteworthy changes in terms of reliability of Part 1 detection. Figure 2 shows the missed detection rate, assuming a UE monitors a single HS-SCCH. As agreed during the Release 5 discussion the probability of a UE correctly decoding the HS-SCCH should be greater than 98 - 99 %. That means the area of operation for the missed detection rate should be not higher than 1 - 2 %. To fulfill that, a SNR of about 1 dB is needed (AWGN). Figure 3 shows that for that operation point the BER of Part 1 decoding in case of a correct detection is very small (( 1(10-7).
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Figure 2: Missed detection rate for HS-SCCH Part 1 (AWGN)
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Figure 3: BER for decoding of Part 1 in case of correct detection

Resulting only in some very rare cases the decoding of Part 1 is erroneous. That means, if HS-SCCH is detected correctly, M1 is misinterpreted in less than 1(10-4 % of the cases leading possibly to a missed detection in the consecutive sub-frame.
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Figure 4: False alarm rate in case of DTX for HS-SCCH Part 1

Another problem we looked at, is that false alarms could trigger unwanted CQI messages. To analyze the frequency of occurrence of such unwanted CQI messages, Figure 4 shows the false alarm rate for HS-SCCH Part 1 decoding, which is approximately 1(10-3. However, even if there is a false alarm for Part 1, an additional CQI message is only triggered, if on top of the false alarm decoding results in message M1. The combined probability of both this happening is very small (< 1(10-5) and the induced uplink interference due to that effect can be neglected as well.

Concluding we currently do not see any problems with the one slot HS-SCCH and the induced message M1. The reliability of M1 is high and no CRC check is needed for fast CQI requesting.

6. Possible Extensions and Combinations

Starting from the aforementioned core proposal variations and refinements are possible. They are of course not stringent, but additional gain can be achieved. As already stated in [1] the proposed basic scheme can be extended for example by defining a second message M2 as shown in Table 2.

	
	Message
	Remarks
	Bits xccs,1, ..., xccs,7, xms,1

	M2
	CQI report every TTI
ON
	Allows Node B to bring UEs individually into the activity-based CQI reporting rate (end of high-rate reporting is triggered by end of HS-DSCH activity)
	1110 1111


Table 2: Additional Fast Signaling Messages in HS-SCCH, Part 1

M2 would trigger the UE individually to report CQI with an interval according to its capability of receiving HS-DSCH data. This message is intended for usage with longer packet calls or UEs with very short channel coherence times. Note, that in contrast to other proposals, we suggest that Node B can control, which UEs shall employ the high reporting rate during HS-DSCH activity, and which not. Therefore Node B can effectively mange uplink load and interference due to HS-DPCCHs. Detection of the end of a packet call can be based on different methods, like timer expiry after the last received packet or explicit signaling.

Another possible combination would be to combine the fast CQI requesting and the scheme presented in [3] where the UE sends CQI reports along with every ACK or NACK on the HS-DPCCH during the HS-DSCH activity phase.

7. Conclusions

In this document we discussed the core of our proposal as stated in [1] and indicate possible refinements and combinations. The proposal covers the concept to have a dynamic CQI component beside the semi-static periodic CQI reporting. The main benefits are:

· Optimization of scheduling efficiency

· Reduction of HS-DSCH interference

· Reduction of reconfiguration messages

· Reduction of uplink interference

Now as a way forward we propose to discuss the core scheme first and look at possible refinements or combinations later on. In any case from our results [1] and the results presented in [3,4] we strongly recommend to introduce a dynamic component to the current semi-static periodic CQI scheme in Release 6.
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