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1
Introduction

Several concepts related to the Continuous Connectivity for Packet Data Users work item have been discussed in RAN1. The basic principles of the proposal can be found in the WI technical report [3] and are also shortly described in this document. In this contribution, the impacts on MAC of two proposals are discussed: E-DCH timing restrictions and UL gating.
2
Basic principles of UL DPCCH gating concept

The uplink DPCCH gating concept has been proposed to the Continuous Connectivity for Packet Data Users WI and is documented in [3]. In short the principle idea of the concept is to stop transmitting the uplink DPCCH when there is nothing else to be sent in the uplink. The basic benefit from this is reducing the interference of the control channels of inactive users. The benefits can also be seen with VoIP traffic as there are silent periods between the transmitted voice frames during which the DPCCH is present only for maintaining synchronisation and closing the power control loop. Thus maintaining the power control stability and uplink synchronisation with the presence of the gaps in DPCCH are the new things introduced with the concept. One should however understand that such things are nothing new. The uplink compressed mode in R’99 specifications already introduces gaps to the transmission of the uplink DPCCH.

The uplink DPCCH gating operation could be compared to the UL compressed mode, the gaps in the uplink DPCCH transmission follow predefined rules and require no specific signalling for stopping and starting the DPCCH transmission. The Node B is expected to maintain the UL synchronisation regardless of the gap in the transmission and the power control loop is expected to recover from the gap. The timing of the UL DPCCH gaps with gating would be tied to the activity of the other channels. The DPCCH would always be transmitted if E-DCH or HS-DPCCH needs to be sent. In order to avoid long gaps, specific means guaranteeing that the DPCCH is at least occasionally sent even if there is no E-DCH activity may need to be introduced, but this would not be visible to layers above the physical layer.
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Figure 1: Uplink DPCCH transmission with gating [3]

The UL DPCCH gating is proposed to be only applied with E-DCH. If the uplink DCH is configured to the UE then the DPCCH would be transmitted as in Rel-6.
3
E-DCH timing restrictions

To avoid the need for Node B to be prepared to process E-DPCCH and E-DPDCH in all (sub)frames for a large number of packet users, a restriction of the E-DCH transmission start time after inactivity to certain subframes/frames has been proposed in [1].
The E-DCH transmission start time after inactivity could be used e.g. with VoIP. It defines the time interval between subsequent transmissions, and would have no impact on retransmissions, which would be performed normally. Whenever a retransmission occurs in a TTI where a new transmission was due, the new transmission takes place in the subsequent TTI.
In Figure 2, an example with 10ms E-DCH TTI and an E-DCH transmission start time after inactivity of 40ms is shown for VoIP. The VoIP packets are delivered from the application every 20ms, and because of the 40ms restriction two packets are grouped together in the same air interface TTI (transport block). As shown on the figure, possible re-transmissions may delay the initial transmissions to the next air interface TTI. 
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Figure 2: Example of restricting E-DCH transmission start to be allowed only every 40ms, 
VoIP and 10ms E-DCH TTI. One VoIP (source) packet is inside one RLC SDU.
In addition to allowing reduced Node B processing, the E-DCH transmission start time after inactivity would decrease the E-DPCCH overhead (and also the ACK/NACK overhead in downlink) as E-DPCCH is transmitted less frequenty but with higher TF, and the achievable gating gain would be higher since UL DPCCH gating gaps could be longer. In case of VoIP, the E-DPCCH and E-HICH overhead would be halved. Thus, the E-DCH transmission start time after inactivity could also improve the achievable VoIP capacity in case of 10ms TTI case, when UL DPCCH gating would be applied. This is shown in Figure 3, results based on semi-analytical calculations. 

[image: image3.emf]40 60 80 100 120 140 160 180 200

0

1

2

3

4

5

6

7

8

Num of VoIP users

Noise rise (dB)

10 ms TTI, 80% throughput, VA3, with HS-DPCCH

32 kbps

32 kbps, gating

64 kbps

64 kbps, gating


Figure 3: Noise rise [dB] as function of the number of VoIP users in VA3 channel, 10 ms TTI, 32 kbps with 1 VoIP packet every 20 ms, 64 kbps with 2 VoIP packets every 40 ms, with HS-DPCCH (10 ms CQI period, 40 ms ACK/NACK period), with and without gating. 

Note that simply restricting the E-DCH transmission times is not sensible from a delay perspective: each retransmission introduces a delay that cannot be compensated. 
The E-DCH transmission start time after inactivity could easily be introduced in the E-TFC selection e.g. by defining the allowed start time interval for E-DCH transmissions. The allowed E-DCH transmission start time interval should be known by the UE and all Node Bs in the active set. The allowed transmission start times could be defined jointly with the uplink DPCCH gating pattern and with the CQI reporting periods. 
4
UL Gating and Need for CELL-DCH substates 

In [2], new substates to CELL_DCH were discussed. With UL DPCCH gating, substates would not be necessary. Instead of substates, preferably only different modes separately for E-DCH activity/inactivity and HS-DSCH activity/inactivity periods could be defined, to allow more flexibility and higher (interference reduction and UE power saving) gains as there would be no need for specific signalling for state changes and the gaps in the DPCCH transmission could start and stop directly based on E-DCH and HS-DPCCH activity without any related delays.  

Different modes of operation in CELL_DCH could be defined for UL DPCCH gating:

1
UL DPCCH gating disabled: DPCCH, E-DCH and HS-DPCCH transmitted in UL as in Rel-6. DL as in Rel-6.

2
UL DPCCH gating enabled:  E-DCH and HS-DPCCH transmitted in UL as in Rel-6. UL DPCCH transmitted only when E-DCH and/or HS-DPCCH are also transmitted, and with a pattern defined by RNC. CQI reporting rate could depend on HS-DSCH activity. DL as in Rel-6.

3
UL DPCCH gating with discontinuous E-DPCCH detection (UL DRX) possibility enabled: HS-DPCCH transmitted in UL as in Rel-6. E-DCH transmission start times pre-defined by RNC (with a pattern/parameter). UL DPCCH transmitted only when E-DCH and/or HS-DPCCH transmitted, and with a pattern defined by RNC. CQI reporting rate could depend on HS-DSCH activity. DL as in Rel-6.

RNC would define the rules (timers) for applying each mode and parameterisation of the different modes. E-DPCCH detection would be used to detect the E-DCH transmissions, as in Rel-6. In mode 3), E-DPCCH detection would be allowed to be discontinuous. DPCCH transmission times would be known to all Node Bs in the active set due to predefined transmission pattern, and HS-DPCCH transmission times would be known by the serving HS-DSCH Node B. Thus, no L1/L2 signalling would be needed.

The mode 1) would be applied e.g. during synchronisation procedures or if all Node Bs in the active set would not support gating. When UL DPCCH gating would be enabled (by RNC), mode 2) or mode 3) could be a basic case, depending on the parameterisation. 

5
Conclusions

The UL DPCCH gating concept impacts [3] to MAC were discussed. The only impact would be the possibility to restrict E-DCH transmission start times after predefined duration of E-DCH inactivity, to allow possibility to discontinuous E-DPCCH processing and to enable higher VoIP capacity in uplink. No new substates or L1/L2 signalling would be needed.
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