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1. Introduction

This contribution gives text proposal for the TR on HSDPA Enhancements. The following enhancements are covered, and their details and performance results are given in the references.

1) Variable Rate CQI Reporting [1]-[5].

2) Multiple Simultaneous Transmissions to a UE in an HSDPA Sub-frame [6]-[8].

3) Fast Cell Selection [9]-[11].

4) Fast Signalling between Node-B and UE [12].

5) Code Reuse for Downlink HS-DSCH [13]-[14].

2. Reference

[1] Mitsubishi, Lucent, “On Variable Rate CQI Feedback”, R1-02-1215.

[2] Lucent, “Variable Rate Channel Quality Indication”, R1-02-0935.

[3] Lucent, “UL overhead reduction by using DL activity dependent CQI reporting”, R1-02-1069.

[4] Siemens, “CQI Reporting Enhancement”, R1-02-1046.

[5] Mitsubishi, “Additional CQI feedback”, R1-02-1051.

[6] Lucent, “Multiple Transmissions to a UE in a HSDPA Subframe: Additional Performance Results and Signalling”, R1-03-0084.

[7] Lucent, “Signalling Support for Multiple Simultaneous Transmissions to a UE in a subframe”, R1-02-0905.

[8] Lucent, “HSDPA Performance with multiple HARQ Transmissions in a subframe”, R1-02-0906.

[9] Lucent, “HSDPA system performance with Node-B controlled cell selection”, R1-02-0910.

[10] Lucent, “Comparison of Fast Cell Selection Alternatives”, R1-02-1242.

[11] Lucent, “Dependence of FCS Performance on the Active Set Add-Threshold”, R1-02-1329.

[12] Lucent, “Fast (MAC-hs) Signalling in HSDPA”, R1-02-0908.

[13] Lucent, “Code limitation and code reuse in HSDPA”, R1-03-0085.

[14] Lucent, “Code Limitation and Introduction of SF=256 for AMR 7.95 kbps - 5.9 kbps”, R1-02-1062.

5 Overview of Technologies considered as Enhancement

5.1 Variable Rate CQI Reporting

In Release-5, a fixed CQI reporting rate is used. A slower CQI reporting rate will reduce the UL signalling overhead. However, it may also result in outdated CQI being used in scheduling and MCS selection which will degrade the system performance. In order to improve the accuracy of channel quality estimates, a higher CQI reporting rate is desirable. However, higher CQI reporting rate results in larger overhead thus impacting the overall uplink capacity. 

The enhancement described as “Variable Rate CQI Reporting” reduces the UL signalling overhead by reducing the CQI reporting rate for a given UE during periods of downlink inactivity.  During the active periods when frequent CQI reporting is critical for scheduling and MCS selection, the CQI reporting rate is increased to improve the performance. Due to bursty nature of the data traffic, the UEs are active only a fraction of the time. Therefore, an increased CQI reporting rate during the active periods will not incur significant UL signalling overhead, while still providing as recent information as possible for scheduling and data rate (i.e. MCS) selection
5.2 Multiple Simultaneous Transmissions to a UE in an HSDPA Sub-frame

The Release-5 HSDPA specifications allow only one transmission to a UE within an HSDPA subframe. The restriction of a single transmission to a UE within a subframe may lead to scheduling and transmission inefficiencies when one or more retransmissions for a given UE are pending on one or more HARQ processes and/or when a new transmission needs to be code-multiplexed with one or more retransmissions within a subframe. Providing the flexibility to support multiple simultaneous transmissions to a UE within a subframe has the potential to enhance HSDPA system performance through better exploitation of multi-user diversity.
The enhancement that allows multiple simultaneous HARQ transmissions to a UE can improve the scheduling flexibility and the system performance.

5.3 Fast Cell Selection

Fast Cell Selection (FCS) implies that HSDPA data to a specific UE is transmitted from only the  “best serving ” cell in the active set. Thus FCS is conceptually very similar to current SSDT. The difference is that FCS allows much faster switching of the serving cell.  The main objective of this enhancement is to improve the quality of the downlink signal when the UE is in multiple cell coverage area resulting in higher data throughputs and increased system capacity.

There are two possibilities to implement FCS schemes: intra-Node B FCS and inter-Node B FCS. In intra-Node B FCS, only the cells within the same Node B can be selected. With inter-Node B FCS, any cell within the active set of the UE can be selected for transmission. The Intra-Node-B scheme is considered for its simplicity.

5.4 Fast Signalling between Node-B and UE

In the Release-5 specifications, the UE can be signalled about the changing service requirements through RRC signalling. However, the RRC signalling is slow due to delays in the radio access network and use of longer TTI for transmission. Moreover, when a control message related to MAC-hs (scheduler, AMC or HARQ etc.) needs to be carried to the UEs, the information is first sent from the MAC-hs in the Node-B to the RRC in the RNC and only then RRC can forward the signalling message to the UE.

This enhancement will help to reduce the delays involved due to RRC signalling between UE and RNC. The objective is to devise fast signalling schemes that allow Node-B to signal various information like control channel reconfiguration and power offsets over the air interface to the UE, without having to use RRC signalling.

5.5 Code Reuse for Downlink HS-DSCH

Downlink OVSF codes are a critical resource factor in defining the capacity of the network. The capacity of HS-DSCH can be limited due to a shortage of available orthogonal codes. The shortage of codes can result due to various reasons including inefficient code space usage by associated DPCH and other dedicated channels. Allowing code reuse can significantly improve downlink capacity in such situations.
6 Details of Technologies 

6.1 Variable Rate CQI Reporting
6.1.1 Features

Measurement feedback cycle k and downlink activity timer DLa.  k has a possible value of [1,5,10,20,40,80] corresponding to the feedback cycle of [2,10,20,40,80,160] msec. DLa has a possible value of [1,5,10,20,40,80] corresponding to a downlink activity timer of [2,10,20,40,80,160] msec.  k can have two values, k1 and k2. Regardless of DL activity, the UE always sends measurement feedback according to the value of k1. In addition, when there is DL activity for the UE, it sends measurement feedback according to the value of k2. Note that in general k1>k2. With the indication k2=0, measurement feedback based on downlink activity can be turned off. In addition, with the indication k1=k2=0, measurement feedback can be shut off completely. The downlink activity-based measurement feedback cycle k2 stays in effect for DLa TTIs after the last detected HS-SCCH activity.

In addition to the periodic CQI reports provided by the UE based on the feedback cycles k1 and k2, the UE can also send CQI reports along with every ACK or NACK it sends on the HS-DPCCH.
6.1.2 Evaluation and Benefits

6.1.2.1 Reduction in UL Signalling Overhead

6.1.2.2 System Performance Evaluation

6.1.3 Impacts on other WGs

Downlink activity detection by the UE is required.

6.2 Multiple Simultaneous Transmissions to a UE in an HSDPA Subframe
6.2.1 Features

 Multiple simultaneous transmissions are performed using different HARQ SAW channels e.g. in a given HSDPA subframe, retransmission on HARQ channel #1 and a new transmission on channel #2 may be performed to the same UE if this flexibility is introduced. Another example is the simultaneous retransmissions of pending blocks on HARQ SAW channel #2 and HARQ SAW channel #4. For each of the transmissions to the same UE within the same subframe, there will a corresponding HS-SCCH transmission. Each HS-SCCH will carry the control information pertinent to only one of the HARQ processes and therefore there would be no change to the current HS-SCCH specifications. The UE capable of receiving multiple transmissions within a subframe shall be able to monitor and decode multiple HS-SCCH simultaneously. It shall also be able to decode simultaneous data streams and feedback multiple ACK/NACK each corresponding to one of the HARQ processes.  The Node-B shall be able to detect feedbacks with multiple simultaneous ACK/NACK.

6.2.2 Evaluation and Benefits
Sample simulation results that illustrate the performance gains from introducing this feature are now provided. The asynchronous, adaptive, incremental redundancy (A2IR) system design is based on the rate table shown in Table 1. The HSDPA sub-frame is fixed at 2ms or 3-slots. 

Table 1: Data Rate and MCS table. TTI is fixed at 3-slots or 2 ms. Channelisation codes are of SF=16.  The cells marked “X” correspond to non self-decodable transmissions and may be used only for retransmission.

	Number of Codes
	Modulation and Coding Schemes

	
	1280 bits code block
	2560 bits code block
	3840 bits code block
	5120 bits code block
	7680 bits code block
	11520 bits code block
	15360 bits code block

	
	640 Kbps
	1280 Kbps
	1920 Kbps
	2560 Kbps
	3840 Kbps
	5760 Kbps
	7680 Kbps

	10
	QPSK, 0.13
	QPSK, 0.27
	QPSK, 0.4
	QPSK, 0.53
	QPSK, 0.8
	16QAM, 0.6
	16QAM, 0.8

	8
	QPSK, 0.17
	QPSK, 0.33
	QPSK, 0.5
	QPSK, 0.67
	16QAM, 0.5
	16QAM, 0.75
	x

	6
	QPSK, 0.22
	QPSK, 0.44
	QPSK, 0.67
	16QAM, 0.44
	16QAM, 0.67
	x
	X

	4
	QPSK, 0.33
	QPSK, 0.67
	16QAM, 0.5
	16QAM, 0.67
	x
	X
	X

	2
	QPSK, 0.67
	16QAM, 0.67
	x
	X
	X
	X
	X


Other assumptions made in obtaining these results are

· 30% power used by overhead channels

· Single path Rayleigh fading with 3km/hr and 30 km/hr speeds.

· Fractional Recovered Power (FRP) is 0.98

· No limit on maximum number of retries.

· CQI feedback with and without error are both considered.  In the case with error, the error is modelled as an additive Gaussian noise term in the dB domain. ACK/NACK feedback is assumed error-free.

· CQI feedback delay is assumed to be 6 slots and the ACK/NACK delay is assumed to be 3 slots.

· Maximum C/I scheduler is used.

· Code multiplexing of users is allowed.

Figure 1 shows that the packet call throughput (PCT) cdf with 37 UEs with no restriction (i.e. simultaneous transmissions allowed) is significantly better than the corresponding case with restriction. In fact the PCT cdf with 56 UEs and no restriction matches the 37 UE case with restriction, thus indicating a better than 50% improvement in capacity in this case. The average system throughput values are compared in Table 3 and Table 2 and also show substantial gains by introducing this feature.
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Figure 1: Comparison of PCT CDFs at 3km/hr with and without restriction on simultaneous transmissions. Results are for single-path channel with no CQI error.

Throughputs for the case of 3km/hr with restriction on simultaneous transmissions.

	Number of UEs
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1537.69
	1758.78
	449.46
	0.26
	1.45

	37
	1472.36
	2156.60
	1357.89
	0.63
	1.44

	56
	1384.24
	2446.96
	1989.61
	0.81
	1.42

	75
	1287.35
	2832.95
	2610.39
	0.92
	1.36

	100
	1170.41
	3453.32
	3410.63
	0.99
	1.25


Table 2: Throughputs for 3km/hr and no restriction on simultaneous transmissions.

	Number of UEs
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1728.79
	2116.32
	434.63
	0.21
	1.45

	37
	1568.25
	2310.84
	1315.59
	0.57
	1.42

	56
	1491.24
	2627.78
	1998.84
	0.76
	1.37

	75
	1343.11
	2974.46
	2692.13
	0.91
	1.31

	86
	1294.92
	3180.84
	2993.43
	0.94
	1.27

	100
	1229.22
	3474.05
	3392.37
	0.98
	1.21


Results for the case with CQI estimation error are provided in Figure 2 and Table 3

 REF _Ref23692378 \h 
Table 4. Figure 2 shows that the packet call throughput (PCT) cdf with 37 UEs with no restriction (i.e. simultaneous transmissions allowed) is significantly better than the corresponding case with restriction even with the CQI estimation error. In fact the PCT cdf with 51 UEs and no restriction matches the 37 UE case with restriction, thus indicating a 38% improvement in capacity in this case. Thus, the gain even with estimation error is still quite significant. The average system throughput values are compared in Table 3 and Table 2 and reflect similar gains in the service throughput.  These results indicate that the gain from allowing simultaneous transmissions to a is substantial even if CQI estimation errors are accounted for.
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Figure 2: Comparison of PCT CDFs at 3km/hr (single-path) with and without restriction on simultaneous transmissions. Results are with CQI error of 1dB standard deviation and 0dB mean. Max C/I scheduler is used.

Table 3: Throughputs for 3km/hr and restriction on simultaneous transmissions. Single-path channel, Max C/I and 1dB standard deviation of  error for CQI estimation.

	Number of UEs
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1575.09
	1764.05
	449.44
	0.26
	1.48

	37
	1452.81
	2133.12
	1342.15
	0.63
	1.48

	56
	1367.20
	2489.85
	2061.54
	0.83
	1.45

	75
	1271.19
	2825.91
	2612.65
	0.92
	1.40

	100
	1141.37
	3473.32
	3436.49
	0.99
	1.28


Table 4: Throughputs for 3km/hr and no restriction on simultaneous transmissions. Single-path channel, Max C/I and 1dB standard deviation of  error for CQI estimation.

	Number of UEs
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1686.25
	2065.18
	440.93
	0.22
	1.48

	37
	1552.72
	2292.39
	1337.31
	0.58
	1.45

	51
	1470.52
	2515.11
	1852.13
	0.74
	1.42

	56
	1474.70
	2622.39
	2007.40
	0.77
	1.40

	72
	1345.63
	2894.94
	2581.43
	0.89
	1.35

	75
	1327.01
	2937.63
	2669.46
	0.91
	1.35

	100
	1182.13
	3498.38
	3439.25
	0.98
	1.25


Additional simulation results for this feature can be found in contributions R1-02-0906 and R1-02-1330.

6.2.3 Impacts on other WGs

This is FFS.

6.3 Fast Cell Selection (FCS)

6.3.1 Features

6.3.1.1 UE Controlled FCS

For each subframe, the UE measures the channel qualities of the cells in its HS-active-set, selects the best cell, and feeds back the best-cell-indication and the corresponding CQI through UL signalling. The selected cell acts as specified in Release-5.

6.3.1.2 Node-B Controlled FCS

The UE reports the CQI of all cells in its HS-active-set possibly in a time-multiplexed fashion. The Node-B then schedules based on the available CQI information and the traffic load of the cells. Since a UE could be served by any of the cells in its HS-active-set, it is required to monitor and decode HS-SCCHs from all the cells in its HS-active-set.

6.3.2 Evaluation and Benefits
FFS

6.3.3 Impacts on other WGs
FFS

6.4 Fast Signalling between Node-B and UE

6.4.1 Features

The HS-SCCH can be used to carry fast signalling messages. Since HS-SCCH uses 2.0ms subframe and UE is monitoring HS-SCCH in every subframe, it provides the fast way of signalling changing system parameters to the UE. All the HSDPA related physical layer parameters currently signalled through higher layer signalling could be carried using fast signalling:

1) HS-SCCH set to be monitored

2) Repetition factor of ACK/NACK:
N_acknack_transmit
3) Channel Quality Indicator (CQI) feedback cycle k.
4) Repetition factor of CQI: N_cqi_transmit
5) Measurement power offset (
Moreover, information about configuration and reconfiguration of the number of HARQ processes can be carried using fast signalling. Similarly, information about the maximum number of HARQ retransmission attempts can also be signalled using fast signalling.

The fast signalling messages on HS-SCCH can be identified by extending the UE ID field in order to include fast message identifiers. In this case, a UE will not only look for its normal UE ID in the HS-SCCH CRC but also for the signalling message identifiers. Note that in this case UE ID and signalling message identifier share the same ID space. When a UE sees an identifier specific to a signalling message, it will interpret the contents of the HS-SCCH accordingly. The UE ID field can be used for both the dedicated signalling messages and common signalling messages. For common signalling purpose, a single ID can be used to identify the signalling message sent to multiple UEs.

6.4.2 Evaluation and Benefits
FFS

6.4.3 Impacts on other WGs
FFS

6.5 Code Reuse for Downlink HS-DSCH

6.5.1 Features

The Release-5 specifications allow the OVSF code space to be expanded through the use of one or more Secondary Scrambling Codes (SSCs). Two possible code reuse techniques that explore both the use of SSCs and/or multi-antenna scheduling techniques to achieve effective management of resultant interference are outlined here. 

6.5.1.1 Partial Code Reuse

In this scheme, only the codes set aside for HSDPA are candidates for reuse (see Figure 3). Reusing the codes set aside for dedicated channel users is not an option as they do not get any processing gain benefit in rejecting the cross interference. This approach does not expand the code space to the maximal extent but has the advantage of maintaining orthogonal transmissions to the dedicated channel users, thereby leaving the interference to them unchanged. The basic transmission approach suggested here is to simultaneously schedule data intended for different UEs by utilizing two transmit antennas and reusing the available OVSF space for HSDPA UEs. The fundamental principle exploited in the simultaneous scheduling of multiple users with code reuse is to ensure that users selected on each antenna have good “cross-antenna rejection”, i.e., a user scheduled on antenna 1 has a strong channel from that antenna and a comparatively weak channel from antenna 2. Users on antenna 2 are selected in the same manner. This will keep the cross interference experienced by each user low. With sufficient load, pairs of users that satisfy this condition can be found in the cell with high probability. The power distribution across the two antennas can be performed in a number of ways. A useful method is to split the total cell power equally across the two antennas (in a manner similar to STTD and CLTD Mode-1).
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Figure 3: Partial Code Reuse Scheme.

6.5.1.2 Full Code Reuse

If a secondary scrambling code is activated, then the entire OVSF code space on the SSC is available. So HSDPA users can be scheduled on a part of the Primary Scrambling Code (PSC) space originally assigned and the entire SSC code space. The introduction of a SSC allows full reuse of the OVSF code space and can be achieved in the following ways:

1) Introduction of SSC on Same Antenna(s) as PSC: The use of a SSC on the same antenna(s) as a Primary Scrambling Code (PSC) may lead to excessive interference to UEs on both the PSC and the SSC since the instantaneous channel gains on the desired signal and interference components are perfectly correlated. Multi-user detection techniques can be applied to cancel out the resulting interference, albeit at the cost of additional UE complexity.
2) Introduction of Antenna Specific SSC: This allows cross antenna interference rejection through scheduling, in a manner similar to that in 6.5.1.1 above, in addition to the interference rejection benefits of the SSC itself.
Although dedicated channel users on the PSC get the processing gain benefit in rejecting SSC interference, unlike in 6.5.1.1, some additional interference due to the SSC cannot be avoided. This increase in interference will therefore have to be offset by increasing the power allocation to dedicated channel users. Although this does result in a reduction in the overall power fraction left for the data users, the increase in the code space available due to the introduction of the SSC still results in system capacity improvement in code-limited situations.

6.5.2 Evaluation and Benefits
FFS

6.5.3 Impacts on other WGs
FFS
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