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1. Introduction

At RAN1#76bis meeting, different granting solutions for TDM operation were discussed in [1][2]. Working assumption is made [3]:
Working assumption:
· The UE is required to monitor only one E-AGCH code per cell (i.e. with DC-HSUPA one on primary and one on secondary carrier)
· Verify that multiuser scheduling is possible, or the working assumption needs to be revisited.
· E-AGCH grant detection (UE considers a transmitted E-AGCH with incorrect CRC as Zero_Grant) as a possible configuration for one E-AGCH

· It is RAN1’s understanding that no new RAN4 UE performance requirement is needed. RAN4 to confirm.
· The HARQ retransmission handling to be decided in RAN1#77
In this contribution, the issue of supporting multiuser scheduling is discussed assuming E-AGCH grant detection and the UE is required to monitor only one E-AGCH code per cell. Two alternatives are proposed to support the multi-user scheduling while following the working assumption made during RAN1#76bis.
2. Discussion
In grant detection E-AGCH solution [4], UE will stop data transmission as long as it detects an E-AGCH transmission which is not intended for it (the CRC check fails). This solution can reduce grant signalling overhead meanwhile the transmission gap between different UE uplink transmissions can be avoided. However, this can support only one UE to be scheduled at the same time because the ongoing transmission will be stopped by any other UE’s grant.
As illustrated in Figure 1, in order to support multiple UE scheduling, the legacy grant should be used to schedule a legacy UE in parallel with the new UE. Considering the UE is required to monitor only one OVSF code for the granting, the following issues are observed while multiple UEs (such as UE3 and UE4 in the figure 1) are scheduled simultaneously:

·  High overhead on the absolute grant signaling: as illustrated in Figure 1, the UE using new grant (UE1) will be stopped every time when the legacy grant is transmitted, regardless of the content conveyed by the legacy grant. And every time, another new grant needs to be transmitted to continue the interrupted data transmission of UE1;

·  Introduce a TTI gap for UE1: as illustrated in Figure 1, while any legacy grant signaling is sent on the monitored OVSF code, the UE1’s transmission will be interrupted by at least one TTI gap, even using one more new grant signaling to recover the stopped transmissions;
·  Unable to support more than one grant detection UEs’ transmission simultaneously: as illustrated in Figure 1, new grant for UE2 will stop UE1’s data transmission, which is the basic rule of grant detection scheme.
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Figure1: Using the same OVSF code to transmit legacy and new grant
From the above analysis, the issues of the grant scheduling overhead and transmission gap are observed in the scenario of multi-user scheduling. This violates the design objective for TDM scheduling in the WID. Hence, in this paper two alternatives are proposed for multi-user scheduling considering the working assumption in RAN1#76bis. 
2.1 Using the same OVSF code to transmit legacy and new grant
Solution 1 is still using the same OVSF code to transmit legacy and new grant to schedule multi-user. In order to overcome the issues mentioned above, E-RGCH can be used to support the multi-user scheduling. As illustrated in Figure 2, while sending the legacy absolute grant, NB can simultaneously send a relative grant to the UE (e.g. UE1 in Figure 2) whose data transmission was started by a new absolute grant before. The E-RGCH will be reinterpreted by this UE (UE1) as an indication to continue the original transmission. For example, for UE1 granted by the grant detection E-AGCH, if it detects an absolute grant intended for other UE (UE3) and meanwhile receives a relative grant, it will continue its data transmission. The relative grant still reuses the format of the legacy E-RGCH and only the meaning of the RG is reinterpreted as a ‘contiguous transmission’ indication.

As shown in Figure 2, another benefit of this solution is two new UEs using grant detection can be simultaneously scheduled in parallel by using E-RGCH reinterpretation. We can see that this is not possible in Figure 1 without the E-RGCH reinterpretation.
The absolute grant signaling overhead can be reduced by using the relative grant to replace the absolute grant to inform UE to continue data transmission. And the data transmission gap of new UE disappears as the relative grant can be transmitted simultaneously with the absolute grant.
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Figure2: Using the relative grant to replace the absolute grant
2.2 Using different OVSF code to transmit legacy and new grant
In solution 2, the network may configure two OVSF codes as in Figure 3. One for legacy E-AGCH and the other is for new grant detection based E-AGCH. According to the working assumption, the UE still can only monitor one OVSF code for E-AGCH. In order to support multiple UE scheduling, both the E-AGCH OVSF for legacy grant and new detection based grant channel can be pre-configured for the UE by RRC signaling. The NodeB can use HS-SCCH order to inform the UE to switch the monitored E-AGCH OVSF code. In this way, UE can switch between different E-AGCH channels quickly. As UE still monitors one E-AGCH OVSF code at one time, the complexity remains almost the same as legacy UE, which is aligned with working assumption.
As illustrated in figure 3, UE1 and UE2 are configured to monitor grant detection E-AGCH. The switching between UE1 and UE2 only needs one absolute grant which saves the downlink signaling. UE3 and UE4 are configured to monitor legacy E-AGCH, so they can transmit data simultaneously even with UE1 or UE2. When UE3 and UE4 finish all their data transmission, one HS-SCCH order can be sent to indicate UE1 to monitor legacy E-AGCH, thus UE1 can continue its data transmission simultaneously with UE2.
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Figure 3: Using different OVSF code to transmit legacy and new grant
Compared with the RRC signaling to reconfigure the monitored E-AGCH channel, the proposed solution has much shorter switching delay. Hence the long switching gap can be avoided. As shown in Figure 3, only one additional HS-SCCH order is introduced.
3. Conclusion
As discussed in this paper, the issues of high grant signaling overhead, switching gap and no support of more than one grant detection UE transmission simultaneously are identified in the scenarios of multi-user scheduling. Two solutions are proposed to address the issues. Solution 1 uses reinterpreted E-RGCH to indicate the UE to continue the transmission when a new grant detection E-AGCH is simultaneously sent to other UEs. Solution 2 introduces HS-SCCH order to switch the monitored E-AGCH channels. Considering the additional HS-SCCH order signaling in Solution 2, we have the preference on Solution 1.
Proposal: Continue UL transmission when the UE previously granted by a grant detection E-AGCH simultaneously receives an E-RGCH carrying positive command and a grant detection E-AGCH intended for other UE, to support multiple UE scheduling for grant detection solution.
4. Annex

In this Annex it is shown that in case E-AGCH and E-RGCH transmitted in the same TTI they will be applied in the same TTI. According to Section 7 in TS 25.211 and Section 6B.3.2 in TS 25.214, the timing relationship among E-DCH related channels can be illustrated in Figure3a and Figure3b. According to TS 25.211, F-DPCH,p = Tp ( 256 chip, Tp ( {0, 1, …, 149}, the following figures only takes Tp =0 and Tp =149 as examples.

The following two figures show that the E-AGCH sub-frame and E-RGCH sub-frame associated with the same E-DPDCH sub-frame are aligned with each other.
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Figure 4a: the timing relationship among E-DCH related channels (Tp =0)
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Figure 4b: the timing relationship among E-DCH related channels (Tp =149)
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