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1. Introduction

In RAN1#76bis meeting, different granting solutions for TDM operation and the objectives regarding the HARQ retransmission were discussed [1][2]. Working assumption is made as below [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
Objectives for the HARQ retransmission handling solution:

· Avoidance of colliding retransmissions of one user with new transmissions of another user
This contribution discusses the HARQ retransmission in TDM scheduling. In order to achieve the design objective for retransmission mechanism, an E-HICH based solution is proposed to avoid colliding retransmissions of one user with new transmissions of another user, while with the advantages in terms of HARQ retransmission delay, higher layer retransmission probability and NodeB buffering.
2. Discussion
In RAN1#76bis, grant detection solution is taken as a working assumption for the TDM scheduling. The solution can reduce grant signalling overhead meanwhile the transmission gap between different UE uplink transmissions can be avoided. However, the HARQ retransmission is identified as an open issue which has not been resolved. In the following sections, potential solution [4] is discussed and an E-HICH based retransmission solution is proposed for better HARQ efficiency and better transmission latency.
2.1 Potential solutions for retransmission
In [4], two options are proposed for HARQ retransmission for the HSUPA TDM operation when the UE’s Serving Grant expires or is set to “Zero Grant”: 
· Option1:
The UE doesn’t retransmit automatically. The retransmission would only take place when the UE is given a new grant. 
· Option2:
The UE doesn’t retransmit at all. The UE flushes the HARQ buffer and set the number of retransmissions to MAX. And, the packet will be left to the higher layers to retransmit.
Option1 allows the network to handle retransmission. However, it requires the networks to buffer the previous UE’s data for a certain time. As the new UE is transmitting now, the network either stops the new UE by sending a new grant to the previous UE immediately, or waits for the new UE to transmit for a while and then sends the grant to the previous UE. By sending the new grant to the previous UE immediately, the previous UE can continue its retransmission by occupying new UE’s process. As the retransmission in every single TTI needs one absolute grant, the signalling will be a burden. Moreover, it’s impossible to support multi-user’s retransmission in one TTI, as generally only one absolute grant can be sent. By sending the grant later, the network needs to buffer the previous UE’s data for a long time, which increases the complexity in terms of buffering at the network while increases the HARQ retransmission delay.
Option2 seems rather simple. However, buffer flushing before the data is correctly received leads to higher layer retransmission, which should be avoided. In [4], it is stated that the network can significantly reduce the BLER of the last transmission round to reduce the likelihood of buffer flushing. However the inner loop power control needs several slots to converge to a certain BLER target. If the BLER target changes in advance, it will waste UE’s transmitting power and also reduce the network capacity. If the BLER target changes right at the target TTIs, it is not possible to converge to the BLER target in the last transmission round.
It is also suggested doing retransmission of the previous UE in parallel with new data transmission of the new UE. This option will obviously introduce interference between these two UEs. And it is contrary to the design objectives for the HARQ retransmission handling solution [3].
2.2 E-HICH based solution for retransmission
As illustrated in Figure 1, when the new granting signaling intended to UE2 is decoded by UE2 correctly, UE2 can monitor the E-HICH channel to detect whether there is remaining data to be retransmitted on each HARQ process. Based on the detection results, UE1 can finish all the retransmissions while UE2 can fully use the allocated TTIs in which there is no retransmission for the previous UE:
· If UE2 receives NACK in the E-HICH and UE2 has not transmitted anything in the associated HARQ process, which means UE1 has data retransmission, then UE2 will not start data transmission in the corresponding HARQ process; 
· If UE2 receives ACK in the E-HICH, which means UE1 has no data retransmission, then UE2 will start data transmission in the corresponding HARQ process
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 Figure1a and Figure1b. 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.
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Figure1a: the timing relationship among E-DCH related channels (Tp =0)
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Figure1b: the timing relationship among E-DCH related channels (Tp =149)
The above two figures show that the E-AGCH sub-frame and E-HICH sub-frame associated with the same E-DPDCH sub-frame are aligned with each other. The E-HICH based solution for retransmission can be illustrated as following. For simplicity, there are only four processes for illustration in the figures.
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Figure 2: E-HICH based solution for retransmission

The network shall configure only one E-HICH for one UE. The UE shall monitor this E-HICH to detect the availability for each process during the period in which the retransmission of the previous UE may happen. The UE can also use this E-HICH for its own data retransmission. Compared with the two options as discussed in Section 2.1, the E-HICH based solution is advantageous in terms of HARQ retransmission delay, higher layer Retransmission probability and NodeB buffering while fulfilling the design objective.
Proposal 1: Adopt the E-HICH based solution to handle the retransmission issue for the TDM scheduling. In this solution:
· The UE monitors both E-AGCH and E-HICH simultaneously. When the UE decodes E-AGCH successfully: 

· If the UE receives NACK in the E-HICH and the UE has not transmitted anything in the associated HARQ process, then the UE will not start data transmission in the corresponding HARQ process; 

· If the UE receives ACK in the E-HICH, then the UE will start data transmission in the corresponding HARQ process

As discussed in [4], if the previous UE is in Soft Handover, the situation will be a little complicated. The worst case in the SHO scenarios is for the same uplink transport block the serving cell doesn’t receive the data correctly meanwhile the non-serving cell receives the data correctly. In this case, the HARQ-NACK will be sent from the serving cell to the previous UE, meanwhile the HARQ-ACK is sent from non-serving cell to the previous UE. The previous UE will stop its data transmission in the corresponding HARQ process due to the positive detection results of the new E-AGCH intended for the new UE; however the new UE would not start the new transmission because it does not know the feedback E-HICH signalling from the previous UE’s non-serving cell. Hence, the serving cell will not receive any data in the corresponding HARQ process in the next RTT period and an ACK will be sent to the new UE from the next corresponding E-HICH signalling. Once this ACK is detected, the new UE can start its data transmission in the associated HARQ TTI. In this worst case, one TTI gap without any uplink transmission is observed. However, even in this worst case, the proposed solution still works with the benefits in terms of HARQ retransmission delay, higher layer Retransmission probability and NodeB buffering while fulfilling the design objective.
2.3 RAN1 Specification Impact 
The E-HICH based solution for HARQ process may have no impact on TS 25.211~25.213, since no new or additional channels are introduced. The main modifications are the UE behaviours for E-DCH related procedures in TS 25.214. If it is agreed that in SHO scenario, UE only needs to monitor the E-HICH from serving cell to decide when to start data transmission, agreements will also be embodied in TS 25.214.
Impacts on RAN1 specifications

	TS 25.214
	Section 6B E-DCH related procedures
	New UE behaviour to allow UE to monitor E-AGCH and E-HICH to start the new transmission


3. Conclusion
The retransmission for improved TDM granting based on grant detection is discussed. The E-HICH based solution is is advantageous in terms of HARQ retransmission delay, higher layer Retransmission probability and NodeB buffering while fulfilling the design objective of avoid colliding retransmissions of one user with new transmissions of another user. The specification impact is also provided and can be concluded as quite small. It is therefore proposed:
Proposal 1: Adopt the E-HICH based solution to handle the retransmission issue for the TDM scheduling. In this solution:

· The UE monitors both E-AGCH and E-HICH simultaneously. When the UE decodes E-AGCH successfully: 

· If the UE receives NACK in the E-HICH and the UE has not transmitted anything in the associated HARQ process, then the UE will not start data transmission in the corresponding HARQ process; 

· If the UE receives ACK in the E-HICH, then the UE will start data transmission in the corresponding HARQ process
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