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1 Introduction

A WI was approved in [1] to further enhance the CELL_FACH state.  The areas of improvement of relevance to RAN1 were identified in [2], as follows:

· Downlink related improvements of resource utilisation, throughput, latency and coverage

· Stand-alone HS-DPCCH without ongoing E-DCH transmission
· Uplink related improvements of resource utilisation, throughput, latency and coverage

· TTI alignment between CELL_FACH UEs and CELL_DCH UEs

· Reduction in timing of the initial access in the physical random access procedure

· Signalling based interference control

This contribution will focus on the stand-alone HS-DPCCH transmission in CELL_FACH.

2 Discussions
In Rel-8, HS-DPCCH feedback was introduced in CELL_FACH, allowing the NB to schedule HS-DSCH transport blocks that match the channel conditions and enabling the HARQ processes to function more efficiently (compared to pre Rel-8 HS-DSCH implementation in CELL_FACH).  However, in Rel-8, HS-DPCCH is only transmitted if there is an UL DCCH or DTCH transmission on the common E-DCH resources.  Since the transmission of UL DCCH/DTCH does not necessary follow a DL DCCH/DTCH transmission, especially if the DL transmission is in RLC UM mode, this leads to an absence of HARQ ACK/NACK and a lack of CQI, which reduces the efficiency of HS-DSCH resource usage.  For RLC AM mode, the CQI may not be sent as frequently as desired since a RLC Status Prohibit timer may be imposed to optimise uplink resource utilisation and thereby prevent excessive Status PDU transmissions in the uplink.  Also, HS-DSCH transmission may occur before an UL DCCH/DTCH transmission (or after a long period of UL inactivity) and without CQI, an HS-DSCH transport block size based on poor (or blind) and usually pessimistic estimates of the radio condition are used.  Furthermore, the transmission of UL DCCH/DTCH may not lead to a transmission of HS-DSCH and hence the HS-DPCCH packet (used for CQI transmission) is not utilised.
It is proposed in Rel-11 to study the benefits of removing the dependency of HS-DPCCH to uplink DTCH/DCCH in CELL_FACH.  The benefits of this are investigated via simulations.

3 Simulation

The Rel-8 HS-DPCCH transmission is shown in Figure 1, where the NB sends a HS-DSCH to a UE.  We refer to this as Scenario 1.  Without CQI for the first transmission, the NB may require several blind HS-DSCH retransmissions to ensure the UE receives the packet successfully.  This blind retransmission may continue until an ACK is received.  However, in this simulation, we will look at the part where a HS-DSCH packet is received at the UE, (i.e. at time T0).  The packet goes up to the higher layers and here we assume that the higher layers responded with a DTCH/DCCH transmission at time T1.  The UE then starts its preamble to obtain an E-DCH resource and this is followed by a collision resolution phase, which ends at time T3.  After which, the HS-DPCCH is transmitted.  The time between T0 and T1 is assumed to be 30 ms and the preamble phase and collision resolution period (i.e. time between T2 and T3) is assumed to be 50 ms [3].  The delay between receiving the first HS-DSCH and the transmission of HS-DPCCH is DELAY_1 (80 ms).
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Figure 1: Scenario 1: Rel-8 HS-DPCCH transmission
In [4], it is proposed that for every HS-DSCH packet received, the UE will respond with a HS-DPCCH transmission.  Hence, there is no need for the HS-DSCH packet to go up to the higher layers.  We refer to this as Scenario 2 and this is shown in Figure 2.  There may be blind HS-DSCH retransmissions prior to the first successfully received HS-DSCH at the UE and as in Scenario 1, this retransmission may be sent until a HS-DPCCH with an ACK is received (unless any configured maximum number of retransmissions is reached).  The delay between the first received HS-DSCH and the HS-DPCCH is DELAY_2 (50 ms).
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Figure 2: Scenario 2: HS-DPCCH transmission for every received HS-DSCH packet

In [5], it is suggested that the network controls the HS-DPCCH transmission.  Here a HS-SCCH order is sent to the UE to trigger the continuous transmission of HS-DPCCH.  If the HS-DPCCH is triggered prior to the first HS-DSCH transmission, then CQI will be available for the first few HS-DSCH transmissions at the NB.  Effectively, CQI is available for all HS-DSCH transmissions.  For this simulation, we assume that the NB knows when to trigger for HS-DPCCH such that all HS-DSCH is transmitted with known CQI.  We will refer to this as Scenario 3.  The delay between the first received HS-DSCH and the HS-DPCCH is DELAY_3.  Since there is no delay, DELAY_3 = 0.

The three scenarios described above are investigated via system simulation.  The simulation assumptions are as shown Table 1.
Table 1: Simulation assumptions

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation : 1.0

	Max BS Antenna Gain
	14 dBi

	Antenna pattern
	3-sector deployment: 
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	Channel Model
	PA3
Fading across all pairs of antennas is completely uncorrelated.

	Number of UEs/cell
	4

UEs dropped uniformly across the system

	CPICH Ec/Io
	-10 dB

	Total Overhead power
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

-Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER

	HS-DPCCH 
	9 slot CQI delay

	Number of H-ARQ processes
	6

	Traffic
	Chatty Traffic Source Model

File Size: Uniform,  Mean = 500 bytes, Minimum = 500 bytes, Maximum = 500 bytes 
Inter-arrival time: Uniform, Mean = 10 seconds

	OCNS
	OCNS=0, namely all sectors transmit at full power only when they have data. 

	DL Scheduling
	Proportional Fair

Classic PF Metric: Rreq, i,k/Rserved,i,k where Rreq, i,k is the requested data rate based on CQI, Rserved,i,k is the average served rate.

	RLC Layer Modelling
	Ideal

	HS-DPCCH Decoding
	Ideal 

	UE Receiver capabilities
	Single Rx LMMSE (Type 2)

	UE distribution 
	UEs uniformly distributed within the system.


It is expected that CELL_FACH will serve bursty traffic typical of smartphone.  Here we pick the “chatty” traffic, i.e., instant messenger type of traffic, with details as mentioned above in the table. 
The possible blind HS-DSCH retransmission by the NB prior to the first received HS-DSCH at the UE in Scenario 1 and Scenario 2 is not modelled.  The delays between first received HS-DSCH and the HS-DPCCH for the scenarios are listed in Table 2.
Table 2: Delay between first HS-DSCH reception and 1st HS-DPCCH transmission

	Scenario 1: DELAY_1
	Scenario 2: DELAY_2
	Scenario 3: DELAY_3

	80 ms
	50 ms
	0 ms


4 Results

The throughput gain of Scenario 2 and Scenario 3 with respect to Scenario 1 (i.e. Rel-8 mechanism) are summarised in Table 4.
Table 4: Downlink (HS-DSCH) throughput gain with respect to Scenario 1

	Scenario
	10th percentile
	Average
	90th percentile

	Scenario 2
	3%
	5%
	7%

	Scenario 3
	19%
	21%
	23%


It is observed that gains are obtained in Scenario 2 and Scenario 3 compared to Scenario 1.  This indicates that there are benefits from removing the dependency of HS-DPCCH transmission from uplink DTCH/DCCH transmission in CELL_FACH.   

Proposal 1: Remove the dependency of HS-DPCCH transmission to uplink DTCH/DCCH transmission in CELL_FACH

The gains from Scenario 2 are modest (less than 8%) but it offers a simple solution to achieve Proposal 1.  

Proposal 2: The UE shall respond with a HS-DPCCH ACK/NACK and CQI for each HS-DSCH received

Significant gains are observed for Scenario 3 compared to Scenario 1.  It is expected that these gains would be higher since in Scenario 1, there may be blind HS-DSCH retransmission by the NB prior to the first successfully received HS-DSCH.  Although Scenario 3 offers higher gain than that in Scenario 2, the trigger of HS-DPCCH prior to any HS-DSCH transmission by the NB can lead to higher battery consumption at the UE.  Hence, in order to provide CQI for every HS-DSCH transmission at the NB, as in Scenario 3, mechanisms are required to ensure UE battery life is not impacted.
5 Conclusion
The benefits of standalone HS-DPCCH are investigated via system simulations.  Based on this investigation, the following are proposed:
Proposal 1: Remove the dependency of HS-DPCCH transmission to uplink DTCH/DCCH transmission in CELL_FACH

Proposal 2: The UE shall respond with a HS-DPCCH ACK/NACK and CQI for each HS-DSCH received
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