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Introduction

This document is a revision of R1-112680. Changes are in Section 4 and Annex A.1

The capability to operate on a shared or common resource on both the downlink and uplink in CELL_FACH state was introduced via the Enhanced CELL_FACH (Rel-7) and EUL in CELL_FACH (Rel-8) features. Furthermore, the DRX capability was introduced in CELL_FACH in Rel-8. The combination of these features allowed for mobiles to remain in the Cell_FACH state longer i.e. without transiting to "more dedicated" states while also allowing for power consumption saving. In particular, once these enhanced features get deployed, "always on" type services like Push to talk over cellular (PoC), Push email and VPN connections, which transmit frequent but small packets between the UE and server, could be supported in CELL_FACH state without the need to enter the CELL_DCH state. 

With the explosion of smartphone traffic in UMTS networks, it is now important to focus on improving link efficiency, user experience and system capacity in CELL_FACH states. For this purpose, a work item was approved in RAN#51 [3], for further enhancements to CELL_FACH. The objective of this work item is to identify whether the gains justify the complexity for introducing certain sub-features over the existing mechanisms. One such sub-feature listed therein is the following:-

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

· Stand-alone HS-DPCCH without ongoing E-DCH transmission
In this contribution, we give details regarding the operation of stand-alone HS-DPCCH including trigger, reduction of HS-DPCCH latency and termination of HS-DPCCH.

2. Benefits of HS-DPCCH in CELL_FACH

The HS-DPCCH channel is critical to support efficient downlink transmission on the HS channels. In the absence of channel quality information (CQI) and downlink ACK/NACK information, blind retransmissions on the HS channel lead to significant loss in HSDPA throughput [1], [2] and highly inefficient utilization of the HS resources.

As of Rel-8, the transmission of HS-DPCCH is possible in CELL_FACH in an opportunistic manner 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 in that case, the HS-DPCCH is of little or no use. Also, the opportunity to schedule data on the HS channel efficiently happens only after a contention resolution period has elapsed from the time the UE began transmitting on an E-DCH resource in CELL_FACH. In other words there is a delay incurred from the time the UE sends the first PRACH preamble to the time the NodeB detects the E-RNTI of the UE, after which the HS-DPCCH transmissions become relevant for the purpose of downlink scheduling on the HS channel. Furthermore, when the DL transmissions on the HS channel do not overlap with the UL transmissions on E-DCH, the HS transmissions will happen as in Release 7 - via blind retransmissions in the absence of ACK/NACK or CQI information. 

Based on these limitations, the following characteristics are desirable:

· HS-DPCCH transmissions should be triggered based on downlink activity rather than uplink activity

· The latency in enabling HS-DPCCH transmissions in response to downlink activity should be minimized

3

Method for triggering HS-DPCCH Transmission based on  DL activity in CELL_FACH

In this section, we propose two candidate methods that allows a NodeB to trigger a UE to start transmitting HS-DPCCH, based on DL activity. 
3.1 Using AICH as the Trigger channel
In this section, we propose a method that allows a NodeB to trigger a UE to start transmiting HS-DPCCH, based on AICH as the trigger channel.  The transmission of HS-DPCCH is triggered as follows: 

1. The UE is configured to monitor two AICHs in CELL_FACH:

a. The first AICH (AICH-1) is used to monitor AI/E-AI when UE sends a preamble on uplink

The second AICH (AICH-2) is used to monitor AI/E-AI when UE wakes up at the start of the ON period of the DRX cycle

2. The UTRAN configures the UE in DRX mode in CELL_FACH

a. The DRX cycle is defined by ON and OFF periods

i. The start of the ON period equals an access slot (4/3 ms) or one sub-frame (2ms)

ii. The start of the ON period of a UE does not overlap with the start of the ON period of another UE
iii. In the OFF mode of the DRX cycle, uplink transmission as well as downlink reception is turned off
b. The UE enters the OFF period of the DRX cycle when data inactivity timer T321 has expired

i. The timer T321 is started when the UE has no data to send on E-DCH (after TEBS=0 byte is reported to the NodeB MAC as SI in the MAC-i PDU)
ii. Between start and expiry of timer T321, UE is still monitoring downlink but uplink transmission is turned off. The NodeB can trigger the UE to start transmitting uplink between the time timer T321 start to expiry.
3. At the start of the ON period of each DRX cycle, the UE monitors AICH-2 on the downlink  

a. If the UE does not detect E-AI on AICH2 at the start of the ON period, it enters OFF period of DRX cycle
b. Note that if the UE is transmitting on the uplink, the UE is not in OFF period of DRX cycle and instead it continuously monitors the HS-SCCH every sub-frame

4. In the case downlink data for a UE becomes active, the NodeB can either 

a. Send data via HS-SCCH/HS-PDSCH to the UE immediately or

b. Signal the uplink resource index  via E-AI on AICH-2 and also send data to the UE immediately 

c. Signal the uplink resource index via E-AI on AICH-2, and do not sent data to the UE until the NodeB begins to reliably receive HS-DPCCH. 

5. Upon reliably detecting E-AI on AICH-2, in response, the UE will setup the uplink and transmit HS-DPCCH on the uplink resource (DPCCH+HS-DPCCH) indicated by a valid E-AI or else the UE will not setup or transmit on the uplink if the E-AI indicates that no uplink is required. In the later case, the UE will then monitor the HS-SCCH/HS-PDSCH in the next scheduling instance (TTI) to receive downlink data

a. In order to minimize UE energy consumption, the UE can perform early decoding of detect presence of E-AI

6. After detecting an E-AI on AICH-2, the UE may receive HS-DSCH transmissions from the Node-B at any time during the ON period of the DRX cycle  
7. Implicit release of Uplink common resource
a. After detecting an E-AI on AICH-2, the UE sets a timer Tb to a known amount of time from the NodeB (this timer could be set to E-DCH transmission continuation back off value to reuse Rel8 based timer mechanism).

b. Timer Tb is reset if any MAC-ehs PDU is received or if TEBS<>0 while timer Tb is running

c. At the expiry of timer Tb, 

i.  TEBS = 0 byte is reported to the Node B MAC as SI in a MAC-i PDU
ii. MAC indicates to the RLC for each logical channel that no PDUS shall be transferred to MAC.

iii.  Timer T321 is started 

iv. Uplink transmission is stopped

8. While the uplink transmission (DPCCH+HS-DPCCH) is ongoing, if the UE has any data to transmit on the uplink, it transmits on the E-DCH. 

9. After receiving explicit release of the uplink resource from the NodeB, the UE stops data inactivity timer and immediately enters the OFF period of the DRX cycle

In the case when the NodeB has a small amount of data to transmit (that can fit in one 2ms TTI transmission), the NodeB need not trigger the HS-DPCCH transmission as pointed to in 4a. Rather, in that case, it can signal to the UE to not setup the uplink by means of a specific E-AI and send blind transmissions of the data in the downlink.

Note that in the proposed procedure above, the UE skips the PRACH procedure – i.e. PRACH preamble ramping, PRACH cycles etc. This is feasible since the Node-B has already provided the UE with a common E-DCH resource index in the E-AI on AICH-2. Once the Node-B is aware of what resource the UE is going to transmit on, there should be no need to go through the PRACH preamble ramping, PRACH cycles etc. Instead, the UE begins transmission of DPCCH for a pre-determined preamble duration and relies on inner loop power control through F-DPCH (part of the common E-DCH resource) to achieve sync with the Node-B. Skipping the PRACH procedure would further help reduce the latency before HS-DPCCH becomes available to assist in DL scheduling. The details of this is presented in section 4.
Thus, the above proposal has the following advantages:

· Reuse existing downlink signaling mechanism of E-AI on AICH as defined in Rel-8 to grant an uplink resource
· Bypass PRACH procedure when NodeB signals the UE to transmit on an E-DCH resource index via E-AI on the AICH

· Invoking the PRACH procedure to be assigned an E-DCH resource index is unnecesary since the uplink transmission is triggered by the NodeB

· Monitoring of the extended acquisition indicators on a second AICH (i.e. second channelization code) avoids collisions related to the NodeB assigning E-DCH resource indices to UEs on the first channelization code in response to random access preambles

The above proposal assumes that the ON period DRX cycle of all Ues dont coincide. If the ON periods of more than 1 Ues do coincide, then both these Ues would wake up and read the E-AI’s simultaneously. Hence a downlink trigger for one UE could cause a false alarm for another UE. In this circumstance, on the uplink, collision resolution would need to be performed. Note that offseting the DRX cycle for all UEs may limit the number of UEs in cell fach. 
3.2 Using HS-SCCH as the Trigger channel

In this section, we propose a method that allows a NodeB to trigger a UE to start transmiting HS-DPCCH, based on HS-SCCH orders as the trigger channel.  The transmission of HS-DPCCH is triggered as follows: 

1. The UE is configured with a dedicated H-RNTI and E-RNTI as per exisiting mechanisms today in Cell FACH.
2. The UTRAN configures the UE in DRX mode in CELL_FACH

a. The DRX cycle is defined by ON and OFF periods

i. The start of the ON period equals an access slot (4/3 ms) or one sub-frame (2ms)

b. The UE enters the OFF period of the DRX cycle and turns off the uplink transmission and downlink reception when data inactivity timer T321 has expired

i. The timer T321 is started when the UE has no data to send on E-DCH (after TEBS=0 byte is reported to the NodeB MAC as SI in the MAC-i PDU)

ii. Between start and expiry of timer T321, UE is still monitoring downlink but uplink transmission is turned off. .
3. At the start of the ON period of each DRX cycle, the UE monitors HS-SCCH channel for an order to start uplink transmission 
a. If the UE does not detect an HS-SCCH order at the start of the ON period, it enters OFF period of DRX cycle
b. Note that if the UE is transmitting on the uplink, the UE is not in OFF period of DRX cycle and instead it continuously monitors the HS-SCCH every sub-frame
c. The NodeB can explicitly indicate the uplink resource index that should be used by the UE in the HS-SCCH order
4. In the case downlink data for a UE becomes active, the NodeB can either 

a. Send data via HS-SCCH/HS-PDSCH to the UE immediately without waiting for the CQI, in which case the UE will not set up the uplink channels or

b. Send trigger via HS-SCCH order indicating the UE to setup its uplink channels and wait for CQI before transmission of  data on downlink.

c. Send trigger via HS-SCCH order indicating the UE to setup its uplink channels and transmit data on downlink before the arrival of CQI.

5. Upon decoding the HS-SCCH order, in response, the UE will setup the uplink and transmit HS-DPCCH on the uplink resource (DPCCH+HS-DPCCH) indicated by a valid resource index
6. After decoding an HS-SCCH order with valid common E-DCH resource index,  the UE may receive HS-DSCH transmissions from the Node-B at any time during the ON period of the DRX cycle  
7. Implicit release of Uplink common resource
d. After decoding HS-SCCH order to start uplink transmission, the UE sets a timer Tb to a known amount of time from the NodeB (this timer could be set to E-DCH transmission continuation back off value to reuse Rel8 based timer mechanism).

e. Timer Tb is reset if any MAC-ehs PDU is received or if TEBS<>0 while timer Tb is running

f. At the expiry of timer Tb, 

i.  TEBS = 0 byte is reported to the Node B MAC as SI in a MAC-i PDU
ii. MAC indicates to the RLC for each logical channel that no PDUS shall be transferred to MAC.

iii.  Timer T321 is started 

iv. Uplink transmission is stopped

8. While the uplink transmission (DPCCH+HS-DPCCH) is ongoing, if the UE has any data to transmit on the uplink, it transmits on the E-DCH. 

9. After receiving explicit release of the uplink resource from the NodeB, the UE stops data inactivity timer and immediately enters the OFF period of the DRX cycle

In the case when the NodeB has a small amount of data to transmit (that can fit in one 2ms TTI transmission), the NodeB need not trigger the HS-DPCCH transmission as pointed to in 4a but send blind transmissions of the data in the downlink.
Note that in the proposed procedure above, the UE skips the PRACH procedure – i.e. PRACH preamble ramping, PRACH cycles etc. This is feasible since the Node-B has already provided the UE with a common E-DCH resource index in the HS-SCCH order. Once the Node-B is aware of what resource the UE is going to transmit on, there should be no need to go through the PRACH preamble ramping, PRACH cycles etc and collision resolution. Instead, the UE begins transmission of DPCCH for a pre-determined preamble duration and relies on inner loop power control through F-DPCH (part of the common E-DCH resource) to achieve sync with the Node-B. Skipping the PRACH procedure would further help reduce the latency before HS-DPCCH becomes available to assist in DL scheduling. The details of this is presented in section 4. 
The above proposal has the following advantages:

· Reuse existing downlink signaling mechanism of HS-SCCH order as defined in Rel-8 to grant an uplink resource
· Bypass PRACH procedure when NodeB signals the UE to transmit on an E-DCH resource index via HS-SCCH order
· Invoking the PRACH procedure to be assigned an E-DCH resource index is unnecesary since the uplink transmission is triggered by the NodeB and nodeB can indicate the uplink resource the UE should use
· The ON period of the DRX cycles for UEs can coincide without false alarm of unnecessarily triggering uplink for an unitended UE. This is because HS-SCCH orders are addressed to a particular UE with its associated H-RNTI. Hence, collision resolution on the uplink can be bypassed.  

4. Latency Saving by bypassing PRACH procedure for DL triggered HS-DPCCH
In this section we compare latency from transmission of trigger channel to arrival of CQI in the following two cases.

1. PRACH procedure is triggered before transmission of UL DPCCH

a. UE has to go through collision resolition before CQI can be transmitted, borrowing mostly from the release 8 procedure. 
2. PRACH procedure is not triggered

a. UE has to go through collision resolition before CQI can be transmitted. 

b. UE does not go through collision resolution 

1a and 2a will apply to the case where AICH is used as a trigger channel and the ON period of DRX cycles of different UEs coincide or if the resource is not explicitly indicated in the trigger channel. When the ON periods of the DRX cycles don’t coincide or if HS-SCCH is used as a trigger channel, then 2b will apply. Latency 2b will be lower than 1a and 2a since collision resolution can be skipped.
Latency comparison for the above procedure is summarized in the table below. A detailed breakdown of latency is available in Annex A.
	
	Procedure
	Latency to get CQI (ms)

	
	
	

	1
	PRACH procedure is triggered
	

	1.a
	UE goes through collision resolution
	55

	
	
	

	2
	PRACH procedure is not triggered
	

	2.a
	UE goes through collision resolution
	28 to 38

	2.b
	UE does not go through collision resolution
	16 to 26


Table 1: CQI Latency comparison across different schemes.

The above analysis shows that we can shave off significant latency by bypassing both the PRACH procedure as well as collision resolution procedure. By avoiding the PRACH procedure , we also get the additional benefit avoiding the RoT  impact caused by PRACH preambles. Due to these benefits, we recommend the approach shown in Figure 3 (bypassing PRACH procedure and collision resolution) for DL triggered HS-DPCCH to reduce latency of scheduling data to the UE on DL and to reduce UL RoT impact. 

4.1 PRACH procedure is triggered

4.1.a UE goes through collision resolution

Figure 1 shows the time diagram for the latency incurred when prach procedure is triggered and UE needs to go through collision resolution. When the trigger channel does not indicate the common E-DCH resource or if AICH is used as a trigger channel when ON periods of DRX cycles of multiple UEs coincide, collision resolution needs to be performed. This procedure borrows heavily from the rel 8 procedure. Note that in step 8, the UE will have to send some dummy data (since it is assumed that its uplink buffer is empty) or SI together with the E-RNTI for collision resolution to work. 
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Figure 1: Latency of HS-DPCCH for PRACH triggered and UE going through collision resolution
4.2 PRACH procedure is not triggered

In this section we evaluate latency benefits by bypassing PRACH procedure. Bypassing PRACH procedure has the benefit of reducing latency as well as reducing RoT caused by the PRACH preambles. Collision resolution may or maynot be performed depending on trigger channel used and DRX cycle synchronization between UEs as indicated earlier. Since the NodeB needs to get ul synchronized,  the UE can reuse exisiting Sync A procedure where the UE sends DPCCH only on the signaled resource. We have assumed in Table 3 and Table 4 that the synchronization A procedure will last 10ms to 20 ms.
4.2.a UE goes through collision resolution

In this case, the UE will have to send some dummy data (since it is assumed that its uplink buffer is empty) or SI together with the E-RNTI for collision resolution to work.
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Figure 2: Latency of HS-DPCCH when PRACH procedure is not triggered

4.2.b UE does not go through collision resolution
This is the best case scenario where UE bypasses both the PRACH procedure as well as collision resolution procedure. 
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Figure 3: Latency of HS-DPCCH when PRACH procedure is not triggered

5. Termination of HS-DPCCH
HS-DPCCH can be terminated in any of the following ways:
Explicit release: 

1. The NodeB may explicitly release the uplink resource at any point by sending an explicit resource release (eg. via E-AGCH). Operation defaults to Rel-8 based operation when an explicit release is sent by the nodeB
Implicit release:
1. Upon start of uplink DPCCH after decoding the trigger channel to start uplink transmission, the UE sets a timer Tb to a known amount of time from the NodeB (this timer could be set to E-DCH transmission continuation back off value to reuse Rel8 based timer mechanism).

2. Timer Tb is reset if any MAC-ehs PDU is received or if TEBS<>0 while timer Tb is running

3. At the expiry of timer Tb, 

a.  TEBS = 0 byte is reported to the Node B MAC as SI in a MAC-i PDU
b. MAC indicates to the RLC for each logical channel that no PDUS shall be transferred to MAC.

c.  Timer T321 is started 

d. Uplink transmission is stopped

Implicit release is shown in the figure below for 3 scenarios that could occur during system operation
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6. Conclusions

In this contribution, we have identified mechanisms for the operation of stand alone HS-DPCCH including trigger, reduction of HS-DPCCH latency and termination of HS-DPCCH. We recommend for the following for DL trigged HS-DPCCH,

1. UE does not have to go through collision resolution

2. UE bypasses PRACH procedure

It is proposed that RAN1 discuss and agree on these procedures.
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Annex A

A.1 PRACH procedure is triggered

A.1.1 UE goes through collision resolution

	
	Procedure 
	Delay (ms)
	Comments 

	0
	Trigger channel transmission to decoding
	4
	

	
	
	
	

	
	PRACH procedure
	
	

	
	
	
	

	1 
	Persistance delay 
	0
	Assume best case as per 3gpp 

	2 
	Mean waiting for Access Slot 
	10
	5ms mean waiting for next Access Slot Set and 5ms mean waiting for random Access Slot in the Access Slot Set 

	3 
	Preamble Tx time 
	13.4
	ACK after 4 preambles; AICH_Trans_timing=0 

	4 
	Waiting for AICH 
	0.67
	Best case AICH_Trans_Timing=0; 3 slots from start of preamble 

	5 
	AICH Tx time 
	1.34
	

	6 
	Mean Waiting for transmitting DPCCH 
	1.94
	ta-m = 10240+256*Soffset +to  from start of AICH; Assume Soffset (mean) = 5 (range is 0 to 9); Assume ACK on AICH or NAK on AICH but no NAK on E-AI 

	
	
	
	

	
	Total PRACH procedure 
	~27
	


	
	E-RNTI to UE association 
	
	

	7 
	E-DCH backoff 
	4
	Minimum backoff is 2 TTI's for 2ms and 1 TTI for 10ms as per spec 

	8 
	E-DCH start 
(Send dummy data or send SI with E-RNTI in MAC-i header with TEBS=0) 
Note: HS-DPCCH can start during the collision resolution phase 
	0
	

	9 
	E-DCH transmission to E-DCH decoding (mean) 
	10
	Assume mean Tx for E-DCH =1.5 

	10 
	E-DCH decode to E-AGCH transmission confirming collision resolution 
	4
	Assume E-HICH turnaround time for E-AGCH carrying grant with Ue E-RNTI; By this time we assume NodeB has binded E-RNTI with H-RNTI 

	11 
	E-AGCH Transmission time 
	2
	

	12 
	E-AGCH Processing and CQI processing time 
	2
	

	13 
	HS-DPCCH Transmission time 
	2
	

	
	
	
	

	
	Total E-RNTI to UE association 
	24
	

	
	
	
	

	
	Total Latency till useful CQI information 
	~55
	


Table 2: Latency breakdown for  Figure 1

A.2 PRACH procedure is not triggered

A.2.1 UE goes through collision resolution

	
	Procedure 
	Delay (ms) 
	Comments 

	
	
	
	

	0
	Trigger channel transmission to decoding
	4
	

	1 
	UL Synchronization 
	10 to 20 
	Sync A procedure 

	2 
	E-DCH Tx to decoding
	10
	Assume mean Tx for E-DCH =1.5. Here we assume HS-DPCCH transmission can be started at start of step 2

	3
	E-RNTI to H-RNTI binding
	4
	Latency associated with associating E-RNTI sent by UE in the Maci header to DL HRNTI. Although E-AGCH has to be sent by nodeB confirming the collision resolution process, we don’t include it in the latency since we assume UE can start sending CQI at the start of step 2

	
	
	
	

	
	Total Latency till useful CQI information 
	28 to 38 
	


Table 3: Latency breakdown for  Figure 2
A.2.2 UE does not go through collision resolution

	
	Procedure 
	Delay (ms) 
	Comments 

	
	
	
	

	0
	Trigger channel transmission to decoding
	4
	

	1 
	UL Synchronization 
	10 to 20 
	Sync A procedure 

	2 
	NodeB processing time to associating CQI with E-RNTI 
	2 
	1 TTI for HS-DPCCH Transmission; 
Note: NodeB already knows the Shared UL resource to UE mapping if PRACH is not performed 

	
	
	
	

	
	
	
	

	
	Total Latency till useful CQI information 
	16 to 26 
	


Table 4: Latency breakdown for  Figure 3
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