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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 uplink gating and E-DCH transmission start time after inactivity are given. It is an update of [4].
2
UL DPCCH Gating
2.1
Basic 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.
2.2
Impacts to MAC

Ideally, UL DPCCH Gating should not impact MAC. From a RAN2 perspective, only RRC may need to be modified to include the control of the gating patterns [5].
3
E-DCH transmission start time after inactivity
3.1
Basic Concept

To maximise the gains achieved through uplink gating, a restriction of the E-DCH transmission start time after inactivity (ETA) to certain subframes/frames has been proposed in [1]. It defines the time interval between the starting points of subsequent transmissions, and has no impact on retransmissions, which are performed normally. Once the buffer is empty, a new transmission can only occur at fixed intervals. By doing this, the UL DTX is maximised and processing resources at the NodeB may be saved.
In Figure 2, an example with 10ms E-DCH TTI and an ETA 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 40ms ETA, VoIP and 10ms E-DCH TTI
One VoIP (source) packet is inside one RLC SDU
The ETA decreases the E-DPCCH overhead (and also the ACK/NACK overhead in downlink) as E-DPCCH is transmitted less frequenty but with higher transport format. The achievable gating gain is then higher since UL DPCCH gating gaps are longer. In case of VoIP, the E-DPCCH and E-HICH overhead would be halved. Thus, the ETA could also improve the achievable VoIP capacity. This is shown in Figure 3 below:. 
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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.
3.2 Impacts to MAC
Maximizing the UL DTX through the ETA presents one drawback if done on a UE basis, high priority signalling (SRB) would be delayed. To avoid this, the ETA should be defined for each flow separately, or at least so that SRB would not be delayed.
From a specification perspective, the ETA can easily be introduced in the E-TFC selection of 25.321 as shown in the Annex. Signalled by RRC, the ETA of each flow would be known by the UE and all Node Bs in the active set. 
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 inactivity, to allow to enable higher VoIP capacity in uplink.
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Annex A: ETA in MAC
The minimum changes to 25.321 for the support of the E-DCH transmission start time after inactivity (ETA) to certain subframes/frames are shown below:
11.8.1.4
E-TFC Selection

In FDD mode, the rules for E-TFC selection provided below shall apply to UEs in CELL_DCH state with an E-DCH transport channel configured. These UEs shall apply the E-TFC selection procedure when invoked by the HARQ entity (see subclause 11.8.1.1.1). In the case where a 2ms TTI is configured, E-TFC selection shall not be performed for TTIs that overlap with an uplink compressed mode gap. The E-TFC restriction procedure described in [12] shall always be applied before the E-TFC selection process below. Furthermore, for UEs that are also configured with a DCH transport channel on uplink, the TFC selection procedure shall be applied before either of these.

For each MAC-d flow, RRC configures MAC with a HARQ profile, an ETA and a multiplexing list. Additionally, RRC configures MAC with a power offset for "Control-only" transmissions. This power offset and a maximum number of HARQ transmissions of 8 will be used to define a HARQ profile for "Control-only" transmissions which will be used, in case the Scheduling Information needs to be transmitted without any higher-layer data. The HARQ profile includes the power offset and maximum number of HARQ transmissions to use for this MAC-d flow. The ETA restricts the transmission start time after inactivity. The multiplexing list identifies for each MAC-d flow(s), the other MAC-d flows from which data can be multiplexed in a transmission that uses the power offset included in its HARQ profile.

RRC can control the scheduling of uplink data by giving each logical channel a priority between 1 and 8, where 1 is the highest priority and 8 the lowest. E-TFC selection in the UE shall be done in accordance with the priorities indicated by RRC. Logical channels have absolute priority, i.e. the UE shall maximise the transmission of higher priority data.

RRC can allocate non-scheduled transmission grants to individual MAC-d flows in order to reduce the transmission delays. When a 2ms TTI is configured each non-scheduled grant is applicable to the specific set of HARQ processes indicated by RRC. The applicability of scheduled grants can be also restricted to a specific set of HARQ processes when a 2ms TTI is configured. HARQ process restriction and reservation is under the control of the serving cell Node B and indicated to the UE by RRC.
For each configured MAC-d flow, a given E-TFC can be in any of the following states:

-
Supported state;

-
Blocked state.

At each TTI boundary, UEs in CELL_DCH state with an E-DCH transport channel configured shall determine the state of each E-TFC for every MAC-d flow configured based on its required transmit power versus the maximum UE transmit power (see [7] and [12]). If no DCH transport channel is configured or if a DCH transport channel is configured and the selected TFC is "empty" (see [3]), the UE shall consider that E-TFCs included in the minimum set of E-TFCs are always in supported state (see [7]).

At every TTI boundary for which a new transmission is requested by the HARQ entity (see subclause 11.8.1.1.1), the UE shall perform the operations described below. UEs configured both with DCH and E-DCH transport channels shall perform TFC selection before performing E-TFC selection.

The Serving Grant Update function provides the E-TFC selection function with the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to allocate for the upcoming transmission for scheduled data (held in the Serving Grant state variable – see subclause 11.8.1.3). 

The HARQ process ID for the upcoming transmission is determined using the following formulae:

-
For 2ms TTI:

CURRENT_HARQ_PROCESS_ID = [5*CFN + subframe number] mod HARQ_RTT

-
For 10ms TTI:
CURRENT_HARQ_PROCESS_ID = [CFN] mod HARQ_RTT

Based on this current HARQ process ID and the RRC configuration, the UE shall determine whether to take the scheduled and non-scheduled grants into account in the upcoming transmission. If they are not supposed to be taken into account, then the corresponding grant shall be assumed to not exist. If the variable Serving_Grant has the value "Zero_Grant" after the Serving Grant Update, then the Serving Grant shall not be taken into account in the upcoming transmission.

When Scheduling Information is triggered per subclause 11.8.1.6, the E-TFC selection and data-allocation process shall assume that a non-scheduled grant is available for its transmission and that Scheduling Information has a priority higher then any other logical channel. Furthermore the HARQ process used for the upcoming transmission shall be assumed to be active and not L3 restricted for the transmission of the Scheduling Information, i.e. transmission of Scheduling Information can take place on this process.
The transmission format and data allocation shall follow the requirements below:

-
Only E-TFCs from the configured E-TFCS shall be considered for the transmission;

-
For all logical channels, if the logical channel belongs to a non-scheduled MAC-d flow, its data shall be considered as available up to the corresponding non-scheduled grant, if the logical channel does not belong to a non-scheduled MAC-d flow, its data shall be considered as available up to the Serving Grant;

-
The power offset for the transmission is the one from the HARQ profile of the MAC-d flow that allows highest-priority data to be transmitted. If more than one MAC-d flow allows data of the same highest priority to be transmitted, it is left to implementation to select which MAC-d flow to prefer);

-
In case the variable Serving_Grant has the value "Zero_Grant" after the Serving Grant Update function and there is no data available for MAC-d flows for which non-scheduled grants were configured and the transmission of Scheduling Information has been triggered, the “Control-only” HARQ profile configured by the higher layers shall be used.

-
The Nominal Power Offset shall be set to the power offset included in the transmission HARQ profile;

-
The data allocation shall maximize the transmission of higher priority data;

-
The amount of data from MAC-d flows for which non-scheduled grants were configured shall not exceed the value of the non-scheduled grant;

-
If a 10ms TTI is configured and the TTI for the upcoming transmission overlaps with a compressed mode gap, the Serving_Grant provided by the Serving Grant Update function shall be scaled back as follows: 
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where SG’ represents the modified serving grant considered by the E-TFC selection algorithm and NC represents the number of non DTX slots in the compressed TTI;
-
When not in a power limited condition the maximum amount of data from MAC-d flows for which no non-scheduled grants were configured shall be quantized to the next smaller supported E-TFC based on the Serving Grant (after adjustment for compressed frames), the power offset from the selected HARQ profile, the non-scheduled grants (if any) and Scheduling Information (if any); In the case a 2ms TTI is configured and the HARQ process is inactive, the UE shall not include any such data in the transmission;
-
The Scheduling Information is always sent when triggered;

-
Only E-TFCs in supported state shall be considered;
-
If a MAC-d flow has no data to transmit, no new data is transmitted from this MAC-d flow until:
-
For 2ms TTI:

[5*CFN + subframe number] mod ETA = 0
-
For 10ms TTI:
[CFN] mod ETA = 0
-
The E-TFC resulting in the smallest amount of padding for the selected MAC-es PDUs and corresponding MAC-e/es headers, shall be selected including the case when the Scheduling Information needs to be transmitted.

Once an appropriate E-TFC and data allocation are found according to the rules above, the "Multiplexing and TSN Setting” entity shall generate the corresponding MAC-e PDU.

The E-TFC selection function shall provide this MAC-e PDU and transmission HARQ profile to the HARQ entity. The maximum number of HARQ transmissions and the power offset in this profile, shall be set respectively to the maximum of the Max Number of HARQ Transmissions of the HARQ profiles from all the MAC-d flows from which data is multiplexed into the transmission and to the Nominal Power Offset. The HARQ entity shall also be informed of whether the transmission includes Scheduling Information and whether this information is sent by itself or with higher-layer data.
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