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1 Introduction
In RAN1#66 meeting, some companies proposed the half-duplex mode should be considered for some UE category, i.e. without simultaneous transmission and reception in a subframe.
In this document, we share our views on the impact of half-duplex mode.
2 Discussion
2.1 Half-duplex UE supporting UL CA 
If half-duplex mode is supported, in a subframe some transmission direction will be muted. This can bring some problems to scheduling timing, i.e. HARQ, PHICH and so on. As Figure1 depicted, there are three combinations of UL-DL configuration with 5ms switch-point periodicity, 10ms switch-point periodicity, and hybrid switch-point periodicity respectively.
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(a) 5ms switch-point periodicity                 (b) 10ms switch-point periodicity
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(c) hybrid 5ms and 10ms switch-point periodicity
Fig 1. 2 inter-band aggregated carriers with different UL-DL configuration
Subframe configuration following the PCell is a simple method which requires less additional signaling overhead. In this document, we assume that transmission direction follows the PCell and CC1 is PCell, CC2 is SCell.  
In Fig.1 (a), the UE aggregates 2 CCs, i.e. CC1 with UL-DL configuration 1 and CC2 with UL-DL configuration 2. From Fig.1(a) we can see subframe 3 and 8 in CC2 will be muted. 
1. the impact on PHICH
For CC2 in Fig.1(a), subframe 3 and 8 are used as PHICH transmission. When these subframes are muted, PHICH can’t be transmitted, which influences the retransmission. PHICH timing requires redefinication or PHICH timing follows Pcell. 
2. the impact on scheduling
For CC2 in Fig.1(a), the UL grant of subframe 2 and 7 can’t be transmitted because the subframe 3 and 8 transmitting PDCCH with UL grant are muted. For Fig.1(b), if UL subframes 4 are muted, the UCI or PUSCH in this subframe can’t be transmitted. New method for scheduling UL grant is required (such as Fig.1(a)) and eNB scheduling restriction is required(such as Fig.1(b)).
3. cross-carrier scheduling

In Fig 1(a), if cross-carrier scheduling is enabled, subframe 3 in Pcell is a UL subframe which cann’t schedule UL grant of subframe 7. Cross scheduling mechanism should be redefined. So, new cross scheduling mechanism is required.
4. HARQ timing or UCI transmission

For Fig.1(b), if UL subframe are muted, UCI which is corresponding to the muted subframes must be transmitted on other UL resources. This can overload UCI transmission on PUCCH/PUSCH of certain subframes. Whether it is considered in the agenda of UL control signaling enhancement is FFS. Moreover, this condition results in HARQ timing problem. UCI payload size is influenced and HARQ timing should be changed.
5. combination of UL-DL configurations
If half-duplex mode is used, for Fig.1 (c) green oval areas, the special subframe can be muted in some condition, which impact SRS, PHICH transmission, etc. Meanwhile, for some hybrid configurations, take Fig.1 (c) as example, UL and DL subframes are simultaneously muted for a Cell, which will restrict the usage of UL and DL resources. The table 1 shows the number of restricted resources. From efficiency of resources usage perspective, less UL or DL subframe restriction should be considered for half-duplex UE supporting UL CA. Some combinations of UL-DL configurations restrict UL and/or DL resources. Hybrid configuration can mute special subframe.
Table 1 the number of muted resources
	
	PCell

	
	Conf.0
	Conf.1
	Conf.2
	Conf.3
	Conf.4
	Conf.5
	Conf.6

	SCell
	Conf.0
	0
	2UL
	4UL
	3UL+1S
	4UL+1S
	5UL+1S
	1UL

	
	Conf.1
	2DL
	0
	2UL
	1DL+2UL+1S
	2UL+1S
	3UL+1S
	1DL

	
	Conf.2
	4DL
	2DL
	0
	2DL+1UL+1S
	1DL+1UL+1S
	1UL+1S
	3DL

	
	Conf.3
	4DL
	1UL+3DL
	2UL+2DL
	0
	1UL
	2UL
	3DL

	
	Conf.4
	5DL
	3DL
	1UL+2DL
	1DL
	0
	1UL
	4DL

	
	Conf.5
	6DL
	4DL
	2DL
	2DL
	1DL
	0
	5DL

	
	Conf.6
	1DL
	1UL
	3UL
	2UL+1S
	3UL+1S
	4UL+1S
	0


The half-duplex mode will impact PHICH, HARQ timing, scheduling timing, and so on. Some redefinitions about the above problems can be required, and available UL or DL resources can be confined. 
Proposal 1: Some subframes scheduling restriction or redefinitions about scheduling or timing are required for half-duplex UE supporting UL CA.
2.2 Half-duplex UE without UL CA capacity
Considering the cost of UE, for certain UE UL CA capacity isn’t supported, i.e. one UL RF unit is set. UL subframes from one band (SCell) should be cut off totally, which is different from intra band scenario, as Fig.2 shown. Meanwhile, UpPTS from this Cell shouldn’t be transmitted. This means that SRS would not work and PMI based on reciprocity would not work. More resources are restricted. This can decrease the impact on PHICH, UL grant scheduling and cross-carrier scheduling. However, HARQ timing should be redefined. 
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Fig.2 UE with one UL RF unit
Observation1: Significant resources are restricted for half-duplex UE without UL CA capacity.
From the above analysis we can see half-duplex mode will bring a great impact on specification and implementation.
Proposal 2: Half-duplex mode will bring a great impact on specification and implementation.
3 Conclusions
In this document, we discussed supporting of different TDD UL-DL configurations on different bands used in Rel-11. We suggest:

Proposal 1: Some subframes scheduling restriction or redefinitions about scheduling or timing are required for half-duplex UE supporting UL CA.
Observation1: Significant resources are restricted for half-duplex UE without UL CA capacity.
Proposal 2: Half-duplex mode will bring a great impact on specification and implementation.
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