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1. Introduction
During several RAN1 meeting, the issue related with half-duplex UE has been discussed focusing on PDSCH/PUSCH HARQ-ACK timing and half duplex operation as follows.
	RAN1#68bis

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 full-duplex case, agreement is that SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing.
· 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 full duplex case, the timing table in alternative 1 is agreed.

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

· In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.

· 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

For PUSCH HARQ-ACK and scheduling timing, 

· Confirm the working assumption from RAN1#68: for half-duplex case, follow SCell SIB1 configuration in case of self scheduling.  



With these results for half duplex UE, we would like to provide our views on the operation of half duplex UE taking into account several aspects to cope with whole half duplex UE operation for inter-band CA TDD in Rel-11.
2. Discussion
During the RAN1#68bis, it has been discussed that half duplex UE behaviour focusing on subframe direction in conflicting subframe can be two different methods which are either PCell SIB1 configuration or decision by eNB. According to the decision of subframe direction in conflicting subframe, it will affect the decision of PDSCH/PUSCH HARQ timing [3][5][7][8], an additional handling for DL to UL switching time [4] and PDCCH subframe in DRX operation [6] and so on. Additionally, in this contribution, application on configuration of preamble format for multiple TA will be addressed on top of half duplex UE behaviour in conflicting subframe.
2.1. Half duplex UE operation
Before the discussion on HARQ-ACK/scheduling timing for half duplex UE, it would be desired that half duplex operation in conflicting subframes is firstly discussed since those are quite related to each other. For half duplex operation in conflicting subframe, there are so far two proposals to decide the transmission direction in conflicting subframes as follows.
Alt 1. Follow PCell SIB1 configuration
With alt 1 approach, it seems simple and no needs of additional standard efforts, while it can not support flexible scheduling decision in conflicting subframe due to fixed subframe direction as PCell SIB1 configuration. For alt 1, since eNB and UE have prior knowledge of subframe direction in conflicting subframes, it would lead to more stable PDSCH/PUSCH HARQ operation for half duplex UEs, and thus simple eNB scheduler implementation. Additionally, it will make a simpler half duplex UE implementation regarding PDSCH/PUSCH HARQ-ACK/scheduling timing design based on PCell SIB1 configuration. 
Meanwhile, it does not provide clearly flexible subframe decision in conflicting subframes and thus, it may seem that there is some resource waste due to non-flexible scheduling by eNB. However, it is not clear to us whether clear performance gains is shown by allowing the flexible subframe scheduling, since its impacts on the performance would depend on the combinations of TDD UL-DL configuration, scheduling scheme(e.g. self-scheduling or cross-carrier scheduling), the number of aggregated CCs or HARQ-ACK/scheduling timing. Moreover, the design for half duplex UE is not targeted to performance optimization and thus, it makes sense that half duplex UE should be implemented targeting simple UE implementation (by single RF chain and eNB scheduler with less complexity) and common HARQ-ACK timing design (by focusing PCell SIB1 configuration) and less standard works (by no additional specification and test works).
Alt 2. By eNB decision
The other way is to follow eNB decision in conflicting subframes which can consist of semi-static configuration and dynamic scheduling manner by eNB [3]. For the semi-static configuration on decision of subframe direction, it will result in the additional handling during RRC configuration and reduce the benefits (i.e. flexibility) from dynamic selection by eNB scheduling or existence of any UL signalling. For dynamic selection in conflicting subframe, most companies who do not support PCell SIB1 configuration for half duplex operation seems prefer to apply dynamic subframe selection in conflicting subframe as half duplex operation. The dynamic selection by eNB can give half duplex UE better performance gain to all outward appearances as it can freely select the subframe direction taking into account a status of half duplex UE in conflicting subframe. However, we see that there are several restrictions or limitations even with dynamic eNB decision for half duplex operation. For example, in figure 1, if subframe #s4 is used for DL transmission on SCell or subframe #s8 is used for UL transmission on SCell, subframe #s9 and #s0 would not be able to transmit PDSCH on PCell. Hence it is shown that the flexibility on selection of subframe direction by alt 2 would not provide always throughput increase as in figure 1 and thus corresponding performance gain may be marginal. In addition, we think that it will clearly increase the complexity of eNB scheduler as requiring the prioritization or negotiation among DL scheduling and UL scheduling. On top of this consideration, other UL signal transmissions such as SRS, UCI or PRACH would also impact on the selection of subframe direction in alt 2. These will be particularly more complex when designing eNB scheduler implementation. As another drawback in [4], the additional guard period should be required to support dynamic subframe selection in conflicting subframe, if subframe #s7 and #s8 are selected as DL and UL in figure 1, respectively. Some of OFDM symbols in subframe #s7 would be used for guard period to guarantee the switching time. As in [4], even though this kind of guard period was already supported for half duplex FDD UEs, it is not clear whether there is no any difference between half duplex FDD and half duplex inter-band TDD and how much performance loss will occur by puncturing in DL subframe and additionally, corresponding RAN4 testing has to be completed considering the various test cases for appropriate half duplex UE operation. Besides, in case of cross-carrier scheduling, if it is assumed that PCell has experienced less interference than SCell in HetNet scenarios as usual and thus enabling cross-carrier scheduling on PCell to avoid high interference, then some DL subframes (e.g. subframe #s4 in figure 1) on SCell in conflicting subframes would not be able to enjoy the interference avoidance for control channels. This may result in scheduling restriction in HetNet scenarios.
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Figure 1. Example of scheduling restrictions with alt 2
In summary, it is shown that there are several drawbacks corresponding to dynamic selection by eNB as alt 2 in conflicting subframes. Considering the last meeting for Rel-11 and by comparisons with PCell SIB1 configuration as alt 1, it is highly recommended to follow the PCell SIB1 configuration for half duplex operation.
Proposal 1: For half duplex operation, PCell SIB1 configuration shall be supported for selecting the subframe direction in conflicting subframes. 
2.2. HARQ-ACK timing
In RAN1#70 meeting, we have made much progress on PDSCH/PUSCH HARQ-ACK or scheduling timing for SCell and full duplex UE in inter-band CA TDD. Regarding PDSCH/PUSCH HARQ timing for half duplex UE, table 1 and 2 show that there are still remaining issues to be discussed for self-scheduling and cross-carrier scheduling, respectively. As addressed in section 2.1, if the transmission direction in all subframes is followed by the PCell SIB1 configuration, it makes sense that PDSCH HARQ-ACK timing on SCell is followed by PCell SIB1 configuration regardless of self-scheduling/cross-carrier scheduling for half duplex UE. For PUSCH HARQ/scheduling timing in case of cross-carrier scheduling, it is possible to follow the PCell SIB1 configuration for half duplex UE.
Proposal 2: The followings are our proposals:

· For PDSCH HARQ timing, PCell SIB1 configuration shall be used for half duplex UE in both self-scheduling and cross-carrier scheduling.
· For PUSCH HARQ/scheduling timing, PCell SIB1 configuration shall be used for half duplex UE in case of cross-carrier scheduling.
Table 1 – Reference HARQ/scheduling timing on Scell for half duplex UE (Self-scheduling case)
	
	(1) Reference timing
	(2) Notes

	DL-Case A
	PCell
	Agreement for both full and half duplex UE

	DL-Case B
	SCell
	Working assumption for only half duplex

	DL-Case C
	Timing table in alternative 1 [1]
	Working assumption for only half duplex

	UL-Case A/B/C/D
	SCell
	Agreement for both full and half duplex UE


Table 2 - Reference HARQ/scheduling timing on SCell for half duplex UE (Cross-carrier scheduling case)

	
	(1) Reference timing
	(2) Notes

	DL-Case A
	PCell
	Agreement for both full and half duplex UE

	DL-Case B
	?
	Not discussed yet

	DL-Case C
	?
	Not discussed yet

	UL-Case A
	Scheduling cell
	Agreement for both full and half duplex UE

	UL-Case B
	?
	Not discussed yet

	UL-Case C
	?
	Not discussed yet

	UL-Case D
	?
	Not discussed yet


2.3. Further consideration on PRACH transmission
In Rel-10, for random access procedure, the physical layer random access preamble is transmitted consisting of a cyclic prefix of length
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 as seen figure 2 [2]. According to a cyclic prefix of length
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, there are four preamble formats in the specification for TDD as table 3. Each preamble format has its own typical usage depending on deployment scenarios. For example, preamble format 3 can be targeted for very large cells. And also from Rel-11, we have agreed introducing the PRACH on SCell for timing advance on SCell in Rel-11 CA in which case that UL timing difference between PCell and SCell is much bigger than Rel-10 deployment scenarios (e.g. intra-band UL CA), and random access response is only transmitted on PCell for multiple-TA according to RAN2 conclusion. With these considerations, we would like to discuss whether proper preamble transmission without restriction is possible for half duplex UE in inter-band CA with different TDD configuration during RA procedure. 
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Figure 2: Random access preamble format.
Table 3 - Random access preamble parameters
	Preamble format
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For half duplex UE based on subframe direction rule (i.e. alt 1 or 2 in section 2.1) to be determined, additional consideration on preamble transmission on top of subframe direction’s rule could be addressed for half duplex UE in conflicting subframe. As seen left figure in figure 3, if PCell SIB1 configuration is applied for a half duplex operation in conflicting subframe, the preamble format for random access on SCell would be limited to only preamble format 0 due to subframe configuration for half duplex. It could result in some restrictions of applying appropriate preamble format according to deployment scenarios (e.g. small or large UL coverage) especially for SCell in this example. In other words, it can not provide the full flexibility on preamble format configuration to network provider which might be limited to only one preamble format (i.e. preamble format 0) as figure 3. A similar situation as right figure in figure 3 could be happen when following dynamic configuration for half duplex operation in conflicting subframe if selection of UL subframe is only relying on presence of UL grant. In addition, it seems the UL coverage on SCell for half duplex UE could be limited and thus, it would not be aligned to the observation on having better UL coverage by different TDD configuration in inter-band CA TDD. And also, since all the half duplex UEs in a cell could be restricted to certain subframe to transmit UL transmission (i.e. preamble) during random access procedure, the usage of preamble resources for half duplex UE into a specific subframe might be biased and it could thus increase a overhead of preamble transmission in a specific subframe depending on TDD UL-DL configuration on PCell and SCell in TDD, especially when following PCell SIB1 configuration than dynamic configuration for half duplex operation in conflicting subframe. 
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Figure 3. Limited applications of preamble format when either following PCell SIB1 configuration (left) or following dynamic configuration (right) in conflicting subframe
Regardless of either PCell SIB1 configuration (alt 1) or dynamic configuration (alt 2), in order to provide a preamble transmission configured by an appropriate preamble format to half duplex UEs, it needs to guarantee the UL subframe in conflicting subframe even if DL subframe is selected according to half duplex operation based on either alt 1 or 2. Therefore, even if the DL subframes in conflicting subframe is selected according to alt 1 or 2 for half duplex operation, UL subframe on SCell in conflicting subframe could be selected to guarantee a preamble transmission based on proper preamble format configuration with full flexibility during the random access procedure. However, after random access procedure, it will go back to the predefined half duplex operation as either alt 1 or 2. In figure 4, there are several examples for application of preamble format without restriction when following PCell SIB1 configuration in conflicting subframe. 
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Figure 4. Applications of preamble format without restriction when following PCell SIB1 configuration (Alt 1) in conflicting subframe 
In figure 5, it is the case that dynamic selection is applied for the half duplex operation in conflicting subframe. The same principle as seen figure 4 can be also applied for the preamble transmission during random access procedure. In this case, regardless the presence of UL grant for UL transmission in conflicting subframe, for a preamble transmission during the random access procedure, UE can expect to select the UL subframe on SCell in conflicting subframe for the preamble transmission based on configured preamble format. 
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Figure 5. Applications of preamble format without restriction when applying dynamic configuration (Alt 2) in conflicting subframe 
With supporting this principle on top of half duplex operation, the appropriate preamble format considering deployment scenarios can be configured even for half duplex UE with different TDD configuration and it could therefore provide better UL coverage by using the proper preamble format. And also, it can provide the flexible preamble transmission timing by which it is not only restricted to non-conflicting UL subframe (i.e. common UL direction on both PCell and SCell) for half duplex UE. 
Proposal 3: During the RA procedure for half duplex UE, it is preferred that flexible preamble format is supported by selecting UL subframe regardless of half duplex operation (i.e. PCell SIB1 configuration or eNB decision) in conflicting subframe. 
3. Conclusion
This contribution provides our views on half duplex UE operation for inter-band CA with different TDD configuration. For conclusions, the followings are our proposals:
· Proposal 1: For half duplex operation, PCell SIB1 configuration shall be supported for selecting the subframe direction in conflicting subframes.
· Proposal 2: The followings are our proposals:

· For PDSCH HARQ timing, PCell SIB1 configuration shall be used for half duplex UE in both self-scheduling and cross-carrier scheduling.
· For PUSCH HARQ/scheduling timing, PCell SIB1 configuration shall be used for half duplex UE in case of cross-carrier scheduling.
· Proposal 3: During the RA procedure for half duplex UE, it is preferred that flexible preamble format is supported by selecting UL subframe regardless of half duplex operation (i.e. PCell SIB1 configuration or eNB decision) in conflicting subframe. 
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