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1 Background

Accurate power control of HS-SCCH is essential in providing high system capacity in release 5.

For FDD, there are two methods available to the node-B in order to perform power control of the HS-SCCH [1].  These are:-

1. HS-SCCH power is adjusted in response to the TPC commands received on UL DPCCH as pertinent to the DL DPCH.  An offset adjustment is required to compensate for the coding differences between DL DPCH and HS-SCCH.

2. HS-SCCH power is inferred from the CQI metrics reported on DPCCH-HS.  Again, an adjustment factor is required in order to correct for the differences in processing gain and Eb/N0 between the recommended TFRC for HS-DSCH and the HS-SCCH.

Additionally, combinations of the above two schemes may be used.

For TDD, neither of these schemes can be used directly due the fact that there may be significant differences in the interference seen at the UE on each of the timeslots used for DL DPCH, HS-PDSCH and HS-SCCH.  It can be concluded therefore that an alternative approach is required for HS-SCCH power control in TDD.

At present this alternative approach within the release 5 specifications for TDD is a scheme in which a separate stream of TPC commands specific to HS-SCCH power control is transmitted by the UE on HS-SICH [2].  However, as described in [3]

 REF _Ref9025314 \r \h 
 \* MERGEFORMAT [4], there are problems associated with this scheme.  The target quality for HS-SCCH cannot be guaranteed to be met for all circumstances due to the following:-

1. The outer-loop component generating the SIR target value for the inner loop is located within the UE, yet the UE is unable to provide a reliable estimate of HS-SCCH BLER since it is unable to distinguish between an HS-SCCH intended for it that was received in error, and an HS-SCCH transmitted to another UE.

2. The outer-loop algorithm described for the UE [2], is applicable only for cases in which allocation of HS-SCCH is made to the UE in every TTI.  This was noted in [5].  For all other cases the loop will over-estimate the BLER and thus may not function correctly.

As such, the current situation in release 5 for TDD is:-

· the specified scheme is unable to attain the target quality for HS-SCCH under typical operating conditions.  This also carries WG4 testing implications.

· moreover, alternative HS-SCCH power control schemes such as using DPCH TPC commands and/or CQI information (cf: FDD) cannot be applied by the node-B due to the timeslot-dependent nature of the interference seen at the UE.

· system capacity will suffer for TDD as a result of poor power control performance on HS-SCCH

It is clear therefore that solutions are required, and several of these have been proposed in previous companion papers [3]

 REF _Ref9025314 \r \h 
 \* MERGEFORMAT [4].  In response to [4] at the last WG 1 meeting #25 in Paris, it was suggested that a detailed proposal be submitted to the next meeting.  Since then a new improved and simpler scheme has been devised which it is felt circumvents all the above issues and which it is felt represents the most promising way forward.

This paper provides a detailed description of this scheme and appropriate draft CR’s to the release 5 specifications are presented.

2 Proposed Scheme

As indicated in section 1, the fundamental problem with a TPC-based HS-SCCH power control scheme is that the outer-loop must reside in the UE, yet the UE is unable to make an estimate of the HS-SCCH message error rate of sufficient accuracy for power control purposes.

The proposal is to circumvent this problem by employing a simple cyclic sequence number in the node-B for each UE that is incremented each time a new HS-SCCH is transmitted to that UE.  The cyclic sequence number for the UE is signalled within the HS-SCCH itself in a field termed the HS-SCCH Cyclic Sequence Number (HCSN) field.

Upon each successful HS-SCCH decode the UE increments a similar counter termed the local HCSN (HCSNlocal).  By comparing HCSNlocal to the decoded HSCN, the UE is able to accurately determine the HS-SCCH message error rate.  Following this comparison, HCSNlocal is overwritten with the decoded HCSN.

2.1 HS-SCCH Error Calculation in UE

The UE may estimate the number of missed or incorrectly-decoded HS-SCCH that were intended for it between successful HS-SCCH simply as :-
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The number of HS-SCCH transmitted to the UE between successful HS-SCCH (N() may also be estimated by the UE simply as:-
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Therefore the HS-SCCH error rate may be continually assessed and used to update the outer power control loop using the derived E( and N(.

2.2 Number of HSCN bits

The number of bits required for HCSN (NHCSN) need only be small since the target message error rate for the HS-SCCH is low (approximately 1%).  As such a cyclic counter length of only 8 (3 bits) is suggested.  For statistically independent HS-SCCH errors the probability of counter wrap-around before the next HS-SCCH is correctly decoded by the UE is then 10-16.  However, of course the HS-SCCH errors are not statistically independent in a fading channel where the HS-SCCH message transmission interval is of comparable length to the coherence time of the channel.  In the case that HCSN wrap-around error does occur, the UE will make an incorrect deduction of the HS-SCCH error rate for that interval time between successive decoding of successful HS-SCCH.  In this scenario however, the probability that the UE will not detect that one or more error events have occurred is 0.125 (this occurs when the number of errors is an integer multiple of the counter length 8).  In the event that an error is detected (87.5% chance if wrap-around has occurred), then the measured error rate for that interval will necessarily be from the set {12.5% 25% 37.5% 50% 62.5% 75% 87.5%} but may not be correct.  However, It can be clearly seen that all of these are far higher than the typical target BLER for HS-SCCH and so in any case, even if the measured error rate is slightly incorrect, correct action will still be taken by the outer-loop (ie: the target SIR will be increased).

In order to test the hypothesis that 3 bits is sufficient, the error detection scheme using NHCSN = 3 was simulated for a slow flat-fading channel, 1kmph at 2GHz.  The HS-SCCH TTI was 10ms and continuous allocation was assumed.  For a mean HS-SCCH probability of error of 1%, the estimated error rate detected by the UE was as follows:-

	Number of bits for HCSN (NHCSN)
	Detected HS-SCCH Error Rate

	1
	0.27%

	2
	0.71%

	3
	0.97%

	4
	1%


Table 1 – Simulated Results for 1 kmph flat-fading channel, 2GHz, HS-SCCH error rate 1%
It is clear from these results that even for this very slowly fading channel, 3 bits is sufficient to provide an accurate estimate of the HS-SCCH error rate (within 3% of the actual error rate).  Note that the actual long-term BLER estimate made by the UE need not necessarily impact the BLER achieved by power control, since this is a function of the algorithms employed.  It is anticipated that, even though in this worst-case channel environment a 2 bit HCSN results in a 29% error in the measured error rate, this may not significantly impact power control performance, nor the actual achieved error rate.  As such it may be possible to further reduce NHCSN to 2 although this is left FFS.
NHCSN = 3 is therefore proposed.

2.3 Power Overhead for HCSN Signalling

The new HCSN bits will require an increase in the transmit power for HS-SCCH.

The current HS-SCCH payload information is 27 bits for 1.28 Mcps and is 38 bits for 3.84 Mcps [6].  However, a 16 bit CRC is also added in addition to the 8 tail bits required for the 1/3 rate convolutional encoder.  This results in 51 bits input to the convolutional encoder for 1.28 Mcps TDD and 62 bits for 3.84 Mcps TDD.  Assuming negligible loss in coding gain for HS-SCCH as a result of the slightly higher code rate, the increase in power for the HS-SCCH resulting from the addition of the 3 HCSN bits is :-

1.28 Mcps

Power Increase = 10 x log10 (54/51) = 0.25dB

3.84 Mcps

Power Increase = 10 x log10 (65/62) = 0.20dB

As is evident the increase in required power is very small.  This small penalty is in any case greatly outweighed by the advantages to HS-SCCH capacity afforded by proper and accurate power control of HS-SCCH.

2.4 Coding and Multiplexing of the CCI field on HS-SCCH

It is proposed to add the HCSN field to the end of the existing HS-SCCH multiplexed fields prior to CRC concatenation.  As is the current situation, generic release 99 rate matching as specified in subclause 4.2.7 of [6] is used to match the convolutional encoder output bits to the HS-SCCH physical channel capacity.  The rest of the coding and multiplexing chain is unaffected by the additional HCSN bits.

2.5 UE Procedures

The UE procedure for the simple calculation of E( and N( need not be specified in 25.224 [2].  It is only required to informatively state that the HS-SCCH BLER may be inferred via appropriate use of HCSN.

The current UE procedure for derivation of HS-SCCH BLER [2] may be deleted.

2.6 Node-B Procedures

An obvious procedure that requires specification for the node-B is that the UE-specific HCSN must be incremented by 1 for each HS-SCCH transmitted.

The HCSN is initialised to zero and may be reset to zero by higher layers.

The actual transmit power of the HS-SCCH remains entirely at the discretion of the node-B, and control algorithms are not specified.

3 Conclusion

TDD power control procedures for HS-SCCH cannot closely follow those that may be employed in FDD due to the timeslot-variant nature of the interference seen on downlink slots at the UE.

It is difficult to guarantee BLER performance for HS-SCCH with the current release 5 TDD specifications and this may have WG4 testing implications in addition to an HS-SCCH capacity degradation.

A scheme has been presented in this paper which it is felt represents the best way-forward.  It is summarised by the following key points:-

1. A 3-bit HS-SCCH Cyclic Sequence Number (HCSN) is signalled to the UE in the HS-SCCH itself.

2. From this, the UE is able to correctly derive an accurate BLER estimate for HS-SCCH.

3. The additional power required on HS-SCCH to transmit the extra 3 bits of signalling is 0.25dB for 1.28 Mcps TDD and 0.20dB for 3.84 Mcps TDD.

The scheme has the following advantages:-

1. An accurate estimate of HS-SCCH error statistics may be derived by the UE that does not rely on continuous scheduling of HS-SCCH or other scheduling constraints to achieve this.

2. Appropriate WG4 testing of HS-SCCH power control is enabled.

3. There is close to no additional power overhead required for the extra downlink signalling.

4. Only a minor change to the coding and multiplexing chain for HS-SCCH is required to implement the HCSN signalling.

5. The extensive capacity benefits resulting from accurate HS-SCCH power control are made available.

6. There is minimal impact on other working groups.

It is therefore proposed that this scheme be adopted by RAN 1 and that the appropriate final CR’s to release 5, 25.222 and 25.224 as presented in Annex A and B be accepted.
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4.6
Coding/Multiplexing for HS-SCCH
The following information, provided by higher layers, is transmitted by means of the HS-SCCH physical channel.

-
Channelisation-code-set information (8 bits): xccs,1, xccs,2, …, xccs,8
-
Time slot information (n bits where n = 5 for 1.28 Mcps TDD and n = 13 for 3.84 Mcps TDD): 
xts,1, xts,2, …, xts,n
-
Modulation scheme information (1 bit): xms,1
-
Transport-block size information (m bits where m = 6 for 1.28 Mcps TDD and m = 9 for 3.84 Mcps TDD): 
xtbs,1, xtbs,2, …, xtbs,m
-
Hybrid-ARQ process information (3 bits): xhap,1, xhap,2, xhap,3

-
Redundancy version information (3 bits): xrv,1, xrv,2,xrv,3
-
New data indicator (1 bit): xnd,1
-
HS-SCCH cyclic sequence number (3 bits): xhcsn,1, xhcsn,2, xhcsn,3
-
UE identity (10 bits): xue,1, xue,2, …, xue,10

The following coding/multiplexing steps can be identified:

-
multiplexing of HS-SCCH information (see subclause 4.6.1)
-
CRC attachment (see subclause 4.6.2);

-
channel coding (see subclause 4.6.3);

-
rate matching (see subclause 4.6.4);

-
interleaving for HS-SCCH (see subclause 4.6.5);
-
mapping to physical channels (see subclause 4.6.6).
The general coding/multiplexing flow is shown in the figure below. 
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4.6.1
Multiplexing of HS-SCCH information

The information carried on the HS-SCCH is multiplexed onto the bits 
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4.2.3.7
HS-SCCH

Higher layers shall indicate the initial transmit power of the HS-SCCH. How exactly this information is taken into account in the power setting is at the discretion of the NodeB.

Following the initial transmission, the NodeB may optionally power control the HS-SCCH. This may be done using TPC commands sent by the UE in the HS-SICH.
The UE shall set the TPC commands in the HS-SICH in order to control the transmit power of the HS-SCCH.  The TPC commands shall be set in order to meet the HS-SCCH target BLER.

The accuracy of the received HS-SCCH BLER estimate made by the UE may be enhanced by a suitable use of the HCSN field received within the HS-SCCH itself [9]. This field shall initially be set to zero and shall be incremented by the NodeB each time an HS-SCCH is transmitted to the UE.
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