3GPP TSG RAN WG1 Meeting #71
R1-124685
New Orleans, USA, November 12-16, 2012
Agenda Item:
6.2.1.1
Source:
Huawei, HiSilicon
Title:
Half duplex operation for TDD inter-band CA with different UL-DL configurations
Document for:
Discussion and decision 
1 Introduction

For inter-band TDD with different UL-DL configurations, the operation of half duplex UEs were discussed, however, there are some working assumptions [1] that need to be confirmed and also a few leftover issues need to be resolved.
On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of self scheduling
· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing

· Can be revisited after discussion of other DL and UL cases

· FFS which alternative to choose for half-duplex case, in case of self scheduling,  

· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB
On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)

· In case of self-carrier scheduling, 

· For half duplex case, working assumption is the timing table in alternative 1

· FFS which alternative to choose for half-duplex case, in case of self scheduling,  

· Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB
In this paper, based on the working assumptions, we discuss the transmission direction selection for half duplex UEs.
2 Transmission direction for half duplex UE

Half duplex UEs cannot simultaneously transmit and receive UL and DL signals on the same subframe.  
The following two alternatives were proposed for transmission direction selection on the conflicted subframe: 
· Alternative 1: the transmission direction of the conflicted subframe follows PCell SIB1 configuration. 
· Alternative 2:  the transmission direction is determined by the eNB. 
2.1 Selection for transmission direction 
For alternative 1, the transmission direction always follows PCell’s SIB1 configuration on the conflicted subframe. UE only transmits or receives signal on an SCell when the subframe on the SCell has the same transmission direction as the PCell. If alternative 1 is adopted, DL or UL resource could not be fully utilized according to the traffic load since it cannot support flexible DL or UL scheduling on the conflicted subframe. Furthermore, for some combinations, no uplink subframe can be scheduled. For example, as shown in Fig. 1, based on the alternative 1, subframes #3 and #8 are muted on the SCell. Therefore, the UL_grants on the two subframes cannot be transmitted, which results in that no UL subframe can be scheduled on the SCell. 
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Fig. 1.  An issue for alternative 1
For alternative 2, the transmission direction depends on whether eNB schedules the UL transmission on the conflicted subframe. If the conflicted subframe is configured to transmit PUSCH or any other UL control singling, the UL subframe is used for the UE to transmit UL signal, otherwise, the subframe is used as a DL subframe and the UE needs to monitor PDCCH on the conflicted subframe. 
Another case needs some further consideration, if only SRS is configured to be transmitted on the conflicted subframe, UE is able to detect at least PDCCH from the other serving cell. In this case, it is better not to treat the conflicted subframe as a pure DL subframe or pure UL subframe since both DL (PDCCH) and UL (SRS) part can be received or transmitted in the same subframe. 
If alternative 2 is adopted for half duplex operation, eNB could flexibly select the transmission direction on the PCell and SCell. However, this flexible scheduling will cause additional DL-UL switch point when the DL subframe is selected on subframe 3 on SCell, and the UL subframe is selected for the conflicted subframe 4 on PCell, as shown in Fig. 2. If there is no additional GP configured for the additional DL-UL switch point, the DL and UL transmissions cannot be correctly received or transmitted by the UE. If an additional GP is inserted, it will cause a reduction of DL throughput and complicate the specification. 
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Fig. 2.  Additional DL-UL switch points are introduced

From eNB implementation perspective, alternative 2 would increase eNB’s complexity on the scheduler design since several aspects would impact the scheduler, e.g., synchronized HARQ retransmission for PUSCH, and the traffic load for the UE.  If we want to avoid the additional GP for alternative 2, eNB should restrict the scheduling flexibility to avoid the cases as shown in Fig.1. Otherwise, the DL throughput will be impacted due to the additional GP. 
Given the limited time left for Rel-11, with the above considerations, we have a slight preference for the following proposal. 
Proposal 1:  
The transmission direction of the conflicted subframe follows the PCell SIB1 configuration for half duplex UEs. 
2.2 Simultaneous transmission of special subframe and DL subframe
In some combinations, a UL-DL configuration with 5ms switch point is aggregated with a UL-DL configuration with 10ms switch point.  In these cases, the UpPTS of the second special subframe within a radio frame for the UL-DL configuration with 5ms switch point is overlapped with a DL subframe on the same subframe, e.g. subframe #6 in Fig 3. In such cases, no matter which direction is followed, further clarification of UE behaviour is needed.
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Fig. 3.  A Special subframe overlapped with a DL subframe 

Case 1: special subframe in Pcell and DL subframe in Scell
If the transmission direction follows PCell’s SIB1 configuration, the following options can be considered:

· UE does not monitor Scell

· UE monitors PDCCH in Scell

· UE detects PDSCH symbols with the same length of DwPTS of Pcell

If the transmission direction is determined by eNB scheduling, the following options can be considered:

· UE does not monitor Scell if SRS is transmitted on Pcell, otherwise UE detects the subframe in Scell as normal DL subframe

· UE monitors PDCCH in Scell if SRS is transmitted on Pcell, otherwise UE detects the subframe in Scell as normal DL subframe

· UE detects PDSCH symbols with the same length of DwPTS of Pcell if SRS is transmitted on Pcell, otherwise UE detects the subframe in Scell as normal DL subframe

Case 2: DL subframe in Pcell and special subframe in Scell

If the transmission direction follows PCell’s SIB1 configuration, UE detects DwPTS only in the subframe of Scell
If the transmission direction is determined by eNB scheduling, the following options can be considered (similar to case 1):

· UE does not monitor Pcell if SRS is transmitted on Scell, otherwise UE detects the subframe in Pcell as normal DL subframe

· UE monitors PDCCH in Pcell if SRS is transmitted on Scell, otherwise UE detects the subframe in Pcell as normal DL subframe

· UE detects PDSCH symbols with the same length of DwPTS of Scell if SRS is transmitted on Scell, otherwise UE detects the subframe in Scell as normal DL subframe

Proposal2: 
Further clarification is needed for the UE behaviour when a DL subframe in a configured cell is colliding with a special subframe in another configured cell.
3 Conclusion
In this contribution, we discuss the half duplex operation for inter-band TDD with different UL-DL configurations. We have following proposals,
Proposal 1:  
· The transmission direction of the conflicted subframe follows the PCell SIB1 configuration for half duplex UEs. 

Proposal2: 
Further clarification is needed for the UE behaviour when a DL subframe in a configured cell is colliding with a special subframe in another configured cell.
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