3GPP TSG-RAN WG2 #61-bis




R2-081567
31st March-4th April 2008





Shenzhen, China
Agenda item: 
6.4.3
Source: 
QUALCOMM Europe
Title: 
Efficient utilization of DL HS-resources in CELL_FACH
Document for:
Discussion
1
Introduction
As part of the EUL in CELL_FACH WI, a working assumption in RAN-1 has been that the HS-DPCCH channel can be configured, when the UE transmits on E-DCH in the CELL_FACH state.  [1] discussed the limited benefit of using HS-DPCCH during these brief uplink transmissions, mainly due to the fact that the HS-DPCCH can be sent only when the UE has data to send on the E-DCH. In this contribution, we discuss a method that allows for transmission of HS-DPCCH in CELL_FACH state, based on the need to transmit data on the DL, instead of transmitting the HS-DPCCH only when UE sends UL data on the E-DCH. This in turn leads to an efficient utilization of the DL HS resources in CELL_FACH.
2
Motivation behind this proposal

In [1]  it was discussed that there is a limited benefit of using HS-DPCCH during the brief uplink E-DCH transmissions, mainly due to the fact that the HS-DPCCH can be sent only when the UE has data to send on the E-DCH. In most of the cases, when the HS-DPCCH is sent, there may be no downlink data to send, and hence the HS-DPCCH is of no use. This in turn results in unnecessary contribution to the RoT at the NodeB receiver. 

Furthermore, in CELL_FACH, when the DL transmissions on the HS channel partially overlap with the UL transmissions on E-DCH, for the duration when no uplink transmission takes place, the HS transmissions will happen as in Release 7 via blind retransmissions in the absence of ACK/NACK or CQI information. On the other hand, if the DL coincides for the duration when the UL transmission takes place on E-DCH, the NodeB scheduler after a contention resolution period, could opportunistically make use of ACK/NACK information as well as the CQI information when scheduling the UE on the DL  in CELL_FACH.

In the absence of channel quality information, blind retransmissions on the HS channel lead to significant loss in HSDPA throughput [2] and highly inefficient utilization of the HS resources.

In this proposal, we discuss a method that allows for transmission of HS-DPCCH in CELL_FACH state, based on the need to transmit data on the DL, instead of transmitting the HS-DPCCH only when UE sends UL data on the E-DCH. This in turn leads to an efficient utilization of the DL HS resources in CELL_FACH.

In Section 3, we discuss an analysis of an HTTP log captured from a web browsing session of the website cnn.com.

3
HTTP Log Analysis
Figure 1 is a log of a web browsing session of the website cnn.com. Note that this log is representative of CELL_DCH, i.e., UE can immediately send TCP ACKs on the uplink in response to receiving TCP data on the downlink.
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Figure 1: Log of HTTP Data from cnn.com

As can seen from the HTTP logs, except for the first uplink packet, downlink data (TCP data) always precedes (and in fact, triggers) uplink data (TCP ACKs). Thus, if the Node B does not instruct the UE to send HS-DPCCH when downlink data arrives at the Node B, the downlink transmission of TCP packets will be done without any CQI/ACK information. As the logs show, typically at least two packets arrive on the downlink at a time, each being ~1500 bytes. Thus, total downlink data per burst is at least 24000 bits. If the Node B has to send this data without any CQI/ACK information, then assuming a TBS size of 320 bits (i.e., typical RLC PDU size), it would take ~80 TTIs even if we assume that Node B transmits each TBS only once. For reliability (in the absence of ACK), Node B may need to repeat this several times. Even with 2 transmissions, the delay for 2 TCP packets becomes 320 msec. From an HTTP page delay as well as downlink resources point of view, this is clearly very inefficient.

For sending HS-DPCCH in response to downlink data arriving at Node B, there are two options:

1) Node B sends an HS-SCCH order which also includes the E-DCH resource identity to use
2) Node B sends an HS-SCCH order which asks the UE to do random access to get the E-DCH resource.

In the first option, the delay for UE to start transmitting HS-DPCCH would mostly consist of power control preambles, so ~10-15 msec. In the second option, UE would have to go through random access and then contention resolution, so this could take up to ~50-70 msec or higher. It should be noted here that TCP is a closed-loop control, so sending of TCP data depends upon how fast ACKs arrive at the TCP sender. Thus, the shorter the time for UE to start sending HS-DPCCH order, the faster the UE receives TCP data, and the faster it can send ACKs in response, leading to more TCP data being sent faster by the server and so on.

Figures 2 and 3 show the example call flows for a few of the packets from the trace of Figure 1, assuming options 1 and 2 respectively for HS-DPCCH. Call flow in Figure 2 would clearly lead to a better HTTP experience for the user.
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Figure 2: Flow of HTTP Data assuming Option 1 for HS-DPCCH
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Figure 3: Call Flow of HTTP Data assuming Option 2 for HS-DPCCH
It can be seen from Figures 2 and 3 that option 1 for HS-DPCCH leads to shorter HTTP delays. In one round trip time, the difference between Option 1 and Option 2 is ~50 msec. It should also be noted that each round trip time of TCP data will cause the difference between Option 1 and Option 2 to increase further. Thus, if there are 10 round trip times, the difference will be ~500 msec.
4
 Impact of unavailability of HS-DPCCH

In this section we carry out a simple system level simulation study to illustrate the performance impact on the DL when HS-DPCCH is not available. We show sector throughput when 10 users per cell are delivered Full-Buffer type traffic. We compare the situation when HARQ ACK/NAK feedback is not sent, and DL HS transmissions are repeated a fixed number of times for diversity, to the when HARQ ACK/NAK feedback is made available via HS-DPCCH.  In addition we show the impact when the second information conveyed HS-DPCCH, namely the CQI, is sent less and less frequently to the point when it is effectively unavailable.  Table 1 shows the simulation set up and the cases simulated. 

Table 1: Simulation Set up
	Parameter
	Explanation/Assumption

	Cellular Layout
	Hexagonal grid, 3-cell sites, 57 cells with wrap around model, Only central 3 cell  users/traffic modelled

	Site to Site distance
	500m

	Antenna pattern
	0 degree horizontal azimuth is East 70 degree (-3dB), 20dB front-to-back ratio

	Propagation model
	L = 128.1 + 37.6 Log10(R)  

	Fading Channel model
	ITU Typical Urban, 3km/hr

	Downlink CPICH power
	-10 dB

	Std. deviation of slow fading
	8.0 dB 

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Correlation distance of slow fading
	50 m   

	Node B antenna gain plus Cable Loss
	14 dBi

	Penetration Loss
	20 dB

	Node B power 
	43 dBm

	Node B power for HSDSCH (HSPDSCH+HSSCCH)
	80%

	UE  RX diversity 
	Single Receive Antenna

	UE antenna gain
	0 dBi

	UE receiver
	RAKE 

	Carrier frequency
	2000 MHz

	CQI Feedback Cycle
	Varied in the  set {1,8,100,500,2000} TTI. The last CQI available is used as predicted CQI 

	Repeated transmissions in absence of HARQ  ACK/NAK
	Varied in the set {2,3}

	Users/Cell
	10

	Traffic
	Full Buffer,  40 byte PDUs sent by RLC-AM mode, 

	Scheduler
	Proportional Fair


Table 2 shows the  application layer sector throughput  for the outlined cases.  In the absence of HARQ ACK/NACK the DL transmissions are repeated 2 or 3 times.  The resulting packet errors if any are handled by RLC-AM retransmissions.  Large value of CQI feedback cycle is used to model /approximate absence of CQI.  The results clearly indicate that both, absence of  HARQ ACK/NAK and absence of CQI information lead to severe performance penalty compared to the case when ACK/NAK feedback and fresh CQI information is available through HS-DPCCH.  These results confirm the utility and the need for HS-DPCCH in  the CELL_FACH state.  

Table 2: Application layer sector throughput of 10 Full buffer users (Mbps) for different assumptions on avaialbility of HARQ ACK/NAK and CQI feedback cycles

	Sector Throughput in Mbps
	CQI Feedback Cycle 1 TTI
	CQI Feedback Cycle 8 TTI
	CQI Feedback Cycle 100 TTI
	CQI Feedback Cycle 500 TTI

	With HARQ ACK/NAK
	2.26
	2.04
	1.45
	1.33

	No HARQ ACK/NAK,  2 repetitions
	1.63
	1.54
	1.20
	1.19

	No HARQ ACK/NAK,  3 repetitions
	1.44
	1.37
	1.02
	1.03
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HS-DPCCH Transmission based on DL

In this section, we propose a method based on Option 1 in the previous section.  In the case, when the NodeB has a large amount of data (spread across multiple 2ms TTI) to send to the UE in CELL_FACH, we propose a method that allows the transmission of HS-DPCCH that is triggered as follows:

· The UE is configured by RNC with E-DCH resource related information via the BCH as will be the case with UEs capable of E-DCH transmissions in CELL_FACH.
· The NodeB sends an HS-SCCH order to the UE, indicating that it transmit HS-DPCCH along with DPCCH on the UL.  In this order it also indicates the 5-bit E-DCH resource identity that the UE should use. Since HS-SCCH has a lot of unused bit combinations (if we consider bits for channelization code set, transport block size and HS-SCCH orders), we believe that there is no constraint on accommodating 5 bits of information for E-DCH resources in HS-SCCH order- however this should be verified by RAN WG1 via a liaison statement from RAN WG2.
· The UE, in response to the HS-SCCH order, at some pre-determined time (will need to be specified) with respect to the time the HS-SCCH order was received on the DL, begins transmission of the DPCCH, followed by the HS-DPCCH.
· CQI is sent periodically as per configured CQI cycle

· ACK/NACK is sent in response to any DL data transmission on the HS-PDSCH.

· During this period, if there is data to send, the UE transmits the data on the E-DCH.

· Once the DL transmissions are complete, the NodeB may send an E-DCH resource release command via E-AGCH.

In the case when the NodeB has a small amount of data to transmit (that can fit in one 2ms TTI transmission), then the NodeB need not trigger the HS-DPCCH transmission via an HS-SCCH order. Rather, in that case, it can do what it does today in Release 7, i.e. it sends blind transmissions of the same data to the UE.

The method proposed here attempts to ensure that DL HS resources are efficiently  utilized due to the ability to transmit HS-DPCCH (ACK/NACK & CQI information) channel when DL transmissions
6

Conclusions

We analyzed a detailed HTTP call flow diagram, based on a web browsing session (cnn.com).  In the absence of  HS-DPCCH on the UL, large delays are predicted due to very inefficient  utilization of the HS resources on the DL. A method was proposed to allow for HS-DPCCH transmission in CELL_FACH based on the need to transmit data transmission on the DL rather than on the UL as is currently assumed today.  The procedure requires that the UE listen to an HS-SCCH order requesting the UE to transmit the HS-DPCCH. The order also includes information of which 5-bit E-DCH resource identity to use. Some spare bit combinations of HS-SCCH can be used for this purpose. The UE then accesses the uplink via DPCCH/HS-DPCCH at some fixed time with respect to the time when HS-SCCH order was received. The proposed method thus results in efficient utilization of the DL HS resources in CELL_FACH state due to knowledge of channel quality information and ACK/NACK information. When applied to the web browsing example discussed in this contribution, this will significantly help reduce HTTP web browsing delay in CELL_FACH.
If RAN WG2 agrees that there is a benefit of using HS-DPCCH to efficiently utilize DL HS resources via the proposed method in this contribution, we propose that RAN WG2 sends a liaison to RAN WG1 regarding the following:

· Evaluate the feasibility of using some spare bit combinations of the HS-SCCH order for the purpose of communicating the E-DCH resource identity.

· Decide on a suitable start time for the uplink transmission, with respect to when the HS-SCCH order was received by the UE.
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