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1. Introduction

During the the RAN-WG1 HSDPA ad-hoc meeting held in June, the timing of the HSDPA control information was discussed [1, 2] and it was decided that the control  information should be transmitted to the UE prior to the data block. Since then, we have performed additional and more detailed analysis on the control structure and believe that this decision should be re-considered in light of this additional information.

2. Control information prior to the data

We have identified two issues associated with the transmission of the control information prior to the corresponding HSDPA frame.

Impact of delay on HSDPA performance

When the control information is transmitted in advance to the UE, the scheduler has to decide on resource allocation during the HSDPA frame which is 2 frames prior to the frame used for data transmission. This is equivalent to adding one HSDPA frame (assumed to be 2 ms) to the C/I estimation delay as compared to a scenario where both the control information and data are transmitted in parallel.

We have performed system simulation to compare the potential HS-PDSCH throughput assuming a 3 slot and a 6 slot C/I estimation delay. The 3 slot delay is based on a parallel structure where the C/I is derived based on the power control loop information (instead of on a rate request or C/I measurement). The 6 slot delay assumes a similar C/I estimation procedure, adding the 3 slot delay to account for the advanced transmission of the control information.

As could be expected we have not noticed any significant difference in system throughput at 3 km/h and 120 km/h. At 3 km/h the channel is relatively stable and the additional delay does not result in any degradation. At 120 km/h, the channel is very dynamic and both 3 slot and 6 slot delays result in innacurate C/I information.

Table 1 – Cell throughput with 2 & 6 slot C/I feedback delay

	Velocity

[km/h]
	# of users

[FULL buffer]
	Residual FER

[Max 4 re-Tx]
	Cell throughput with 3 slot delay

[Mbps]
	Cell throughput with 6 slot delay

[Mbps]
	Delta

[%]

	10
	25
	2.3%
	2.498
	2.254
	10.8%

	10
	100
	2.0%
	3.010
	2.694
	11.7%

	30
	25
	5.0%
	2.319
	1.774
	30.7%

	30
	100
	6.7%
	2.459
	1.823
	34.9%


The interest was of course the performance at medium velocities. As presented in table 1 we have seen a 10-12% performance degaradation at 10 km/h and a 30-35% performance degradation at 30 km/h. We consider these values to be significant since these environments (Pedestraian-B) are common urban environments.

Impact of delay on control channel overhead

Another aspect associated with the advanced transmission of the control information is the chain back effect on the scheduler. The scheduling entity has to account for the power used for the transmission of the control channels when performing the resource allocation. However, when scheuling frame N, it does not know which users are going to be scheduled in frame N+1 and it therefore does not know the amount of power which has to be spared in frame N for the transmission of the control information associated with frame N+1.

One way to break the chain is for the scheduler to allocate a fixed amount of power to the control channel(s) based on the worst case user, that is a high velocity user operating a the edge of the cell. As has been presented in [6] the amount of control channel power necessary to reach such user could represent a significant (>10% per control channel) fraction of the base station power resource. This resource can therefore not be used for the HSDPA frame N and the overall system throughput is reduced. This effect is not accounted for in the results presented in table 1 since we have not simulated the control channel(s) performance.

Discussion

We believe that the combined effect of the two phenomena desribed above could result in noticeable reduction in the overall system throughput. This leads us to reconsider the solution where both the control and the data are transmitted simulteanously and investigate more carefully the impact of such structure on the terminal complexity.

3. Control information in parallel with data

The impact associated with the transmission of control and data information in parallel is that the terminal has to buffer the full HSDPA code tree (15 codes, 480 I&Q values per code, 14’400 memory elements) until the control information becomes available instead of only the codes allocated to that terminal.

Complexity – Processing

As was presented in [5], as soon as the terminal is required to receive 5 or more codes (SF=16), Fast Hadamard Tranform is the most efficient technique for de-spreading. Based on current proposals [3] for HSDPA UE capability, all HSDPA enabled terminals would be required to received at leats 5 codes per frame; we believe that it is therefore fair to assume that all HSDPA enabled terminals would include an FHT engine and therefore be capable of receiving the full code tree without any additional processing logic.

In addition to the data codes, the UE would have to receive all control channel codes. Again, the FHT engine could be used for partial de-spreading (SF=16) and a few additional  additions & substractions would allow to derive the symbol values for all control channels. Ensuring that all control channel codes are under the same SF=16 (or higher depending on SF used for control channels) root code would further simplify this procedure.

Based on this analysis we believe that parallel reception of control and data does not increase the processing requirements in the terminal.

Complexity – Buffering

Table 2 summarizes the generic buffering requirement (in number of elements) for various HSDPA configurations with and without a priori  transmission of the control information. It may appear that the memory increase associated with parallel reception of control and data information is significant for low capability HSDPA terminals. However, the relevantt comparison is against the total terminal memory requirement, not limited to the de-interleaver & ARQ buffer and not limited to the HSDPA capability.

Table 2 – Number of memory elements (generic) required for various configurations

	Configuration
	#1
	#2
	#3
	#4
	#5

	# of codes
	5
	5
	5
	10
	15

	# of ARQ Channels
	1
	2
	6
	6
	6

	R'99 Capability
	384
	768
	2048
	64
	64

	Chase (a priori)
	4’800
	9’600
	33’600
	67’200
	100’800

	Chase (a posteriori)
	19’200
	24’000
	48’000
	81’600
	115’200

	Increase
	300%
	150%
	43%
	21%
	14%

	Re-mapping (a priori)
	9’600
	19’200
	67’200
	134’400
	201’600

	Re-mapping (a posteriori)
	24’000
	33’600
	81’600
	148’800
	216’000

	Increase
	150%
	75%
	21%
	11%
	7%

	Full IR (a priori)
	21’600
	43’200
	151’200
	302’400
	453’600

	Full IR (a posteriori)
	36’000
	57’600
	165’600
	316’800
	468’000

	Increase
	67%
	33%
	10%
	5%
	3%


The proposed R99 capability associated with the HSDPA terminals is 384 kbps and above [3]. This is mostly related to the minimum decoding throughput requirement associated with HSDPA and we agree with this approach. When looking at the de-interleaver memory requirement associated with a 384 kbps UE (table 3) we note that it is higher than the HSDPA requirement with configuration #1 even when including the extra buffering required for parallel control reception and the basic 64 kbps capability. Similar compiutationand conclusion can be drawn for 768 & 2048 kbps classes. For configuration  #4 & #5 the increase is at most 10% when adding the basic 64 kbps requirement ot the values in table 2.

Table 3 – Number of memory elements to support R99 reference terminal class

	UE reference class
	64 kbps
	384 kbps

	De-interleaver size
	30’144
	80’640


Noting that the de-interleaver/ARQ buffering represents only part of the core UE memory and that it is further diluted when considering logic complexity, we believe that the impact associated with parallel reception of control and data information is small if not marginal (depending on the reference R99 class and HSDPA capability). 

Power consumption

As presented in [4, 5] the power consumption of the UE while in active HSDPA operation (i.e. power control loop / C/I feedback enabled) is driven by the RF section and not the digital section. The additional processing involved with continuous buffering of the HSDPA code tree (main difference with a priori transmission of the control information) would result in less than 10%  increase in the power consumption while in this state.

4. Conclusion & Proposal

Given the issues and associated impact on system throughput described in section 2 and the minimum overall complexity increase as described in section 3 we suggest that the original decision on the timing of the control information relative to the data information be modified so that both the control and data information are transmitted simulteanously.

5. References

[1]
R1-01-0705, Alternatives for HS-DSCH-related downlink signaling, Ericsson

[2]
R1-0-10696, HSDPA DL channel structure, Nokia

[3]
R1-01-0695, HSDPA UE capability, Nokia

[4]
R1-01-0736, HSDPA DL control structure, Qualcomm

[5]
R1-01-0567, HSDPA UE capability, Panasonic

[6]
R1-01-0908, HSDPA DL Control Structure, Qualcomm

[7]
3GPP TR 25.848 v4.0.0, Physical Layer Aspects of HSDPA

[8]
R1-01-0480, Fairness criteria for HSDPA evaluation, Qualcomm

Annex: simulation parameters

· By default, as specified in TR 25.848 [7]

· Pedestrian A channel used for 3 & 120 km/h.

· Pedestrian B channel used for 10 km/h.

· Vehicular A channel used for 30 km/h.

· Full buffer operation

· Proportional fair scheduling algorithm [8]

· 3 slot TTI (2 ms)

· C/I feedback delay [3, 6]

· Maximum 4 re-transmissions

· ARQ with asynchronous downlink transmission and flexible re-transmission MCS selection

· No control overhead.

· 15 SF=16 codes used for HS-PDSCH

· 70% power allocated for HS-PDSCH

· 3-cell antenna

· The MCS only supports using all available codes and a minimum coding rate of ¼

· All transmissions are performed even if the power is not sufficient
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