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1. Introduction

At RAN#62 meeting the work item of Further EUL enhancements was agreed. The objective of this work item is to specify technical solutions for increasing the uplink capacity, coverage and end user performance [1].
One of the detailed objectives of this work item is:
- Introduce enhancements for enabling high user bitrates in single and multi-carrier uplink mixed-traffic scenarios. Three main areas are identified:

a) DTX/DRX enhancements (e.g. decouple DRX/DTX parameters between primary and secondary carriers, increase DTX cycles, increase DRX cycles, independent DTX parameterization)

b) Improved granting:

Improved granting for secondary carriers and TDM operation

c) Improved power control after long DTX gap on secondary uplink frequency, if performance issues due to long data interruption are found.
Regarding to the secondary carriers and TDM operation, new granting should be designed. In this contribution we will discuss the new granting design principle and propose our solutions.
2. Solutions for improved granting
In the study item stage several solutions for TDM granting design were provided, which were included in the TR [2]. 
Time limited grant- A time-limited grant (TG) is similar to an absolute grant but with an additional field indicating the number of TTIs for which the grant is valid. Since the TG takes on the responsibility to indicate the time information for avoiding unintended or unexpected transmissions or retransmissions in TDM operation, the signalling needs new design. Information filed should be redesigned, and the number of supported SGs reduces.
Grant detection- All TDM UEs monitor the E-AGCH channel and decode the grant message by CRC check with its own E-RNTI. In case a UE detects an E-AGCH sent from NodeB, the UE treats the E-AGCH as a valid grant for activating UL transmission if the CRC check is successful, or else it treats the E-AGCH as invalid or deactivation of UL transmission. This way a single E-AGCH can activate one UE and provide the grant for it, and at the same time stop all the other UEs in the cell. Furthermore, simultaneously using legacy E-AGCH and new E-AGCH can enable the network to support scheduling of more than one UE. The detail operation is illustrated in Figure 5.4.3.2.2-1 of [2]. A TTI gap is introduced when more than one UE is supported. The TTI gap results in interruption in transmission. As a consequence the UE’s buffer for HARQ retransmission will be flushed which decreases the transmission efficiency.
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Figure 5.4.3.2.2-1 of [2]: Scheduling multiple UEs using Grant Detection and legacy E-AGCH
Fast Scheduling Grant- The network uses fast scheduling grant (FSG) to indicate scheduling grant, cancelled scheduling grant or unchanged grant. More than one UE can be scheduled at the same time. However, since E-RGCH based FSG is not CRC encoded, the detect performance may not be guaranteed. In case a false alarm of E-RGCH happens, i.e. a UE misinterprets DTX as E-RGCH, there will be strong interference to other users, especially when TDM and high RoT scheduling are assumed. 
New E-AGCH timing for deactivation- If legacy E-AGCH is used for TDM scheduling there will be a gap when one user switches another, see Figure 5.4.3.2.4-1 of [2]. In order to solve the time gap problem, new E-AGCH timing for deactivation is introduced. That is when E-AGCH is used for deactivation of UE1 applies one TTI earlier than its legacy timing. As illustrated in Figure 5.4.3.2.4-2 of [2]. AG for activation of UE2 applies in E-DCH TTI1, the same timing as legacy. In addition more than one E-AGCH channels used can support scheduling of more than one UE simultaneously. In this scheme, legacy E-AGCH coding is reused. 
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Figure 5.4.3.2.4-1 of [2]: gap description using legacy E-AGCH
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Figure 5.4.3.2.4-2 of [2]: new E-AGCH timing for deactivation
Table 1 summarizes the comparison for different granting solutions.
Table 1 Comparison for different granting solutions
	schemes
	E-AGCH
	E-RGCH
	Performance

	Time limited grant
	New design for information field 
	Legacy
	Good in terms of TTI gap and miss-detection of uplink grant;
Bad in terms of scheduling flexibility;

	Grant detection
	New UE behaviour for both activation and deactivation
	Legacy 
	Good in terms of miss-detection of uplink grant and scheduling flexibility

Bad in terms of TTI gap in case of supporting scheduling of more than one UE;

	Fast Scheduling Grant
	Legacy
	New UE behaviour
	Good in terms of TTI gap and scheduling flexibility

Bad in terms of miss-detection of uplink grant; 

	New E-AGCH timing for deactivation
	New UE behaviour for deactivation

No change for activation
	Legacy
	Good in terms of miss-detection of uplink grant, TTI gap and scheduling flexibility


3. Signalling principle
As a new signalling is introduced into the standard for improved granting, basically the following principles need to be considered:
- Legacy signalling is reused as much as possible. For simplicity E-AGCH channel should be reused without any change.
- Multi-user should be supported. To maximize the utilization of RoT resources, scheduling more than one UE should be supported when a single UE may not be capable of utilizing the whole RoT budget.
- Transmission efficiency should be maximized. This means TTI gap should be avoided as much as possible. 
- Detection performance should be guaranteed. Since miss-detection of the granting with no CRC encoding may lead to wrong operation in at least one TTI, which would degrade the transmission efficiency. 
In conclusion, the new E-AGCH timing for deactivation method is a good compromise considering the above principles.
4. Conclusion
In this document we listed the schemes for TDM granting signalling discussed in the study item stage. We discussed the principles to design the new signalling and in our view the new E-AGCH timing for deactivation method is a good compromise considering all the principles. 
It is proposed:

Proposal: Improved granting for TDM operation is supported by means of allowing UE to monitor more than one E-AGCHs and R12 UE applies the E-AGCH for deactivation one TTI earlier than legacy.
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