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1
Introduction

RAN1 meeting #46bis in October 2006 saw first physical layer simulation results [4] for the WI proposal Enhanced CELL_FACH state in FDD [1]. 
The WI sheet states in the WI justification part that:

In light of continuous progress to packet optimised radio together with Node B based scheduling, the use of HSDPA in CELL_FACH state should be investigated to obtain smaller signalling delays and higher bit rate in CELL_FACH state.

Further in the WI objective part it is stated that:

The objectives of this work item is to provide necessary modifications to Rel7 specifications improving the CELL_FACH state by:

· Increase the available peak rate for UEs in CELL_FACH state, e.g. by utilising HSDPA in CELL_FACH state.

· Reduce the latency of user and control plane in the CELL_FACH, CELL_PCH and URA_PCH state by higher data peak rate

· Reduce state transition delay from CELL_FACH, CELL_PCH and URA_PCH state to CELL_DCH state

· Allow lower UE power consumption in CELL_FACH state by discontinuous reception

3GPP RAN1#46 in Tallinn saw a proposed technique for utilising HS-DSCH in CELL_FACH state [3] and questions were raised on how the concept is actually proposed to operate and what the performance of the system would be.

This document illustrates the RLC layer throughput (throughput experienced by a user) of different possible schemes for MCS selection.
 2
Using HSDPA in CELL_FACH

This chapter is re-iterating what was stated in [4] as a baseline procedure.

The basic concept is to use HS-DSCH and HS-PDSCH in CELL_FACH state instead of S-CCPCH and FACH. 

The HS-DSCH reception in CELL_FACH state could be considered in following steps:

1) UE reads H-RNTI, and HS-SCCH, and HS-DSCH configuration including L2 parameters (number of HARQ processes etc.) that are used in CELL_FACH state from system information block broadcasted to the cell.
2) UE starts monitoring HS-SCCH and when it detects the H-RNTI indicated in the SIB, the UE decodes the HS-DSCH as in Rel5. Rel5-6 UEs and Rel7 UEs in CELL_DCH would see this transmission as any HS-DSCH transmission to the other UE, thus without backward compatibility issues.
3) UE decodes the MAC-hs packet when CRC is correct. In simplest form HARQ feedback is not used but "Quick repeat" on MAC-hs could be used. In Quick Repeat the Node B just blindly re-transmits the HARQ transmission and new data indicator is used to indicate new or repeated transmission. 
4) Based on MAC-c packet header the UE detects the logical channel type and C-RNTI/U-RNTI if the data is for it or for other UE. Single H-RNTI could be used to address multiple UEs.
The intention is not to have any dedicated connection to the UE in the radio interface and having no need to identify the UE in the Node B. This means that there would be no dedicated HS-DPCCH feedback and thus no fast CQI or dedicated ACK/NACK transmission. The Node B could make a semi-static MCS-selection based on RACH measurement report and this way separate cell edge users and good users and be able to do UE specific link adaptation.

Additionally one could consider introducing a common ACK/NACK channel for better HARQ adaptability and UE-specific H-RNTI (e.g. delivered by the RNC with the data packet in the FP header) would be used the ACK/NACK feedback could be used for fine-tuning the MCS selection as well.
It should be kept in mind that the intention is not to keep an active UE in the CELL_FACH state for a long time, but rather be able to start the data transmission on the CELL_FACH state while getting prepared to move to CELL_DCH state and perform fast CELL_FACH to CELL_DCH state transition when the RNC chooses to do so. The other advantage would be to deliver keep-alive type of messages on CELL_FACH and if coupled with CPC-type DRX operation the UE power consumption with always-on applications could be reduced significantly
3
Simulations
As introduced in [4], even a light feedback will bring benefit to the performance compared to blind transmission with HSDPA in order to reach a sensible coverage in a cell. It was also noted that periodic CQI reporting could enhance the performance of the concept compared to the initial CQI scheme but with long CQI averaging period (~200ms), there is no benefit for short calls with low mobile speeds. Thus the scheme of initial CQI is kept as a reference for CQI based HSDPA in CELL_FACH scheme.

In these simulations we illustrate the RLC throughput with the concept utilizing initial channel state information (CQI). In addition, a new method that uses uplink common channel to carry ACK for a correctly received packet from a UE. Based on this fast ACK reporting the Node B can now decide not to send unnecessary retransmissions and also adjust the used MCS based on some BLER calculation.
3.1
Simulation cases

- Fixed MCS selection based on initial channel state information from a user as in [4]
- UE sends ACK for correctly received packet. The Node B keeps track of BLER of 1st transmission and with some BLER thresholds it either increase or decrease the used MCS. Here the used thresholds are 5 % and 15 % for increasing and decreasing the used MCS, respectively. This could be considered to illustrate the upper bound of the performance of utilising HSDPA downlink without dedicated uplink feedback can provide.
3.2
Simulation parameters
Table 1 Simulation parameters

	Parameter
	Value
	Comment

	Channel model
	Vehicular A, 3 km/h
	

	Cellular layout
	Hexagonal cell grid, wrap-around
	7 Node B’s and 21 sectors

	Cell radius
	933 m
	Corresponds to the BS-to-BS distance of 2 800 m.

	BS total Tx power
	43 dBm
	Corresponds to 20 W.

	CPICH power 
	33 dBm
	

	Max HS-DSCH power
	12 W
	

	Max HS-SCCH power
	0.5 W
	Fixed HS-SCCH power

	UE HS-SCCH receiver
	Error-free
	

	UE HS-DSCH receiver
	single Rx RAKE
	

	Number of HS-PDSCHs
	5
	SF = 16

	Number of HS-SCCHs
	1
	

	HS-FACH users in a cell
	1
	

	HSDPA RLC PDU size
	320 bits
	

	HSDPA scheduler
	Round robin in time
	

	HS-FACH service
	· Physical layer performance simulations: 5 seconds fixed call length (full buffer)
	

	Traffic type:
	70 % of new calls are conversational (DCH) and 30 % are HS-FACH calls.
	DCHs seen as varying DL loading.

	Call arrival process
	Poisson process, mean = 0.005
Mean call length = 120 s

UEs in the system 28 800
	Only one HS-FACH user allowed per cell, others blocked

	MCS set
	Category 12 TFRC table
	See Table 2

	MCS selection
	1. MCS fixed in the beginning of the call based on a single CQI
2. Based on 1st transmission BLER
	CQI averaging period is 200 ms

	HARQ mode
	Chase combining
	

	Max # of retransmissions
	{0,1,2,3}
	Fixed number of retransmissions

	ACK/NACK feedback
	UE can send ACK for correctly received packet.
	Based on received ACKs, Node B adjusts MCS.

	RLC tx window size
	256 PDUs
	

	RLC status prohibit timer
	80 ms
	

	RLC status periodic timer
	120 ms
	

	RLC retransmission timer
	2500 ms
	


MCSs are selected from a TFRC table of category 12. MCSs are not optimised to any specific effective coding rate. Table 2 depicts the MCS table used in these simulations.

Table 2 MCS table

	
	Transport block size
	Number of codes
	Modulation
	Theoretical peak bitrate [kbps]
	Effective coding rate

	MCS1-4
	384
	1
	QPSK
	192
	0.400

	MCS5
	384
	1
	QPSK
	192
	0.400

	MCS6
	456
	1
	QPSK
	228
	0.475

	MCS7
	648
	2
	QPSK
	324
	0.338

	MCS8
	792
	2
	QPSK
	396
	0.413

	MCS9
	936
	2
	QPSK
	468
	0.488

	MCS10
	1272
	3
	QPSK
	636
	0.442

	MCS11
	1488
	3
	QPSK
	744
	0.517

	MCS12
	1752
	3
	QPSK
	876
	0.608

	MCS13
	2280
	4
	QPSK
	1140
	0.595

	MCS14
	2592
	4
	QPSK
	1296
	0.675

	MCS15-30
	3312
	5
	QPSK
	1656
	0.690


3.3
Results
Two methods, fixed MCS with initial CQI and MCS selection based on ACK reporting with initial CQI, are presented in the same figures and compared. Figure 1 and Figure 2 show RLC AM throughput and 100 kB file download time for a user, respectively. Easily the benefit of ACK feedback and not sending unnecessary retransmissions can be seen in RLC throughput. Current MCS selection behind the ACK scheme doesn’t reach the same maximum RLC throughput as the scheme of initial CQI with none retransmission but this defeat is only for about 10 % of users having very good channel conditions. But instead, much better coverage and higher average RLC throughput is available for the ACK scheme. The same can also be noticed from file download times. 
A delivery of 100 kB file in CELL_FACH state can be considered to be somewhat extreme as the UE should rather be moved to CELL_DCH if the data amounts are significant, but for the sake of performance investigation this was seen as a sensible. For reference it can be noted that transmitting a 100 kB file over 32 kbps FACH would take 25 seconds if each packet is delivered successfully.
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Figure 1: RLC AM throughput.
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Figure 2: File download times.


Table 3 presents both cell edge (95 % and 98 %) and average RLC throughputs with RLC retransmission rates. 

Table 3 RLC throughputs with RLC retransmission rates
	
	95 % [kbps]
	98 % [kbps]
	RLC retr. Rate 98 %
	Average throughput [kbps]
	Average RLC retr. Rate

	0 retransmission
	75
	45
	82.0
	450
	25.2

	1 retransmission
	90
	55
	52.5
	495
	13.2

	2 retransmissions
	80
	40
	44.8
	380
	13.2

	3 retransmissions
	70
	35
	37.1
	305
	13.3

	ACK feedback
	195
	125
	21.5
	730
	3.2


It is worth noting that the average RLC retransmission rate is to some extent an input parameter to the MCS selection algorithm, a more conservative MCS selection would result with a lower RLC retransmission rate but also yield somewhat lower throughputs.
4.
Conclusions

Even though blind MCS selection and MCS selection based on initial CQI both with fixed number of retransmission provide reasonable high physical layer bitrates with low residual BLER (below 10 %) [4], the impact of even low residual BLER can be crucial for the RLC throughput as can be seen in chapter 3. Increasing number of fixed retransmissions will decrease the residual BLER but at the same time it decreases the achievable throughput. The new maximum data rate is the old rate times (old num of transmissions/new num of transmissions). As indicated in chapter 3, the scheme with initial CQI will give approximately the same coverage and average RLC throughput with different number of retransmissions.

If UE was able to send ACK for correctly received packet quickly enough (L1 signalling) Node B could avoid sending unnecessary retransmissions. Also link adaptation, i.e. MCS selection could be based on ACK reporting which enables more efficient way to use radio resources for HSDPA transmissions in CELL_FACH state. Having fast ACK reporting prevents also suffering from long fade deeps and therefore using too high MCS typical to the schemes of initial CQI and periodic CQI reporting with long CQI averaging periods (e.g. ~ 200 ms) by enabling faster MCS selection. However the method for providing feedback in the uplink would be quite challenging to provide.
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