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1. Introduction
In RAN1#68bis meeting, we have discussed the decision rule of transmission/reception in conflicting subrame for half duplex UE as following [1]:
· FFS which alternative to choose for half-duplex case
· Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration

· Alt 2: the transmission direction is determined by eNB
As discussed in RAN1#68bis, the decision of subframe direction in conflicting subframe for half duplex UE is highly related to the decision of PDSCH/PUSCH HARQ timing in case of both self scheduling and cross-carrier scheduling. In this contribution, we will share our views on the decision rule of transmission/reception in conflicting subframe for half duplex UE and additionally, further consideration on selection of subframe direction in conflicting subframe would be addressed for half duplex UE.
2. Subframe direction in conflicting subframe
During the RAN1#68bis, it has been discussed that half duplex operation in conflicting subframe could have some different options (i.e. PCell SIB1 configuration or decision by eNB). The decision of subframe direction in conflicting subframe would affect the decision of PDSCH/PUSCH HARQ timing [3][5], an additional handling for DL to UL switching time [4] and counting on PDCCH subframe in DRX operation [6] and so on. In particular, application on preamble format with full flexibility for multiple TA can be additionally addressed taking proposed alternatives (i.e. alt 1 and 2) for half duplex operation into account.
2.1. Possible alternatives for half duplex operation
In previous meeting, we have made some progress on PDSCH HARQ timing on SCell for half duplex UE as working assumption in DL-Case B/C in table 1 (For DL-Case A, it was agreed to follow the PCell SIB1 configuration). As seen table 1 and 2 considering self-scheduling and cross-carrier scheduling, respectively it is shown that the progress of current PDSCH/PUSCH HARQ timing for half duplex UE with respective scheduling method (i.e. self or cross carrier scheduling). In order to decide the appropriate PDSCH/PUSCH HARQ timing for half duplex UE, half duplex operation in conflicting subframe could be discussed firstly.
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
	


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
	PCell or Scheduled sCell?
	Two alternatives were noted in the meeting

	DL-Case C
	?
	Not discussed yet

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

	UL-Case B
	Scheduling cell or scheduled cell?
	Two alternatives were noted in the meeting

	UL-Case C
	?
	Not discussed yet

	UL-Case D
	?
	Not discussed yet


· Alt 1. Following PCell direction
With alt 1 approach, it seems simple and no needs of additional standard efforts, while it would have the reduction of peak data rate and no support of traffic adaptation due to fixed subframe direction (i.e. PCell SIB1 configuration) which are the observations for introducing different TDD configuration in inter-band CA. In particular, if it is enabling to follow PCell subframe direction, the PDSCH/PUSCH HARQ timing with either self-scheduling or cross-carrier scheduling could be followed by PCell SIB1 configuration (e.g. in case of DL-Case B, if PCell direction in conflicting subframe is selected for half duplex operation, the current working assumption could be changed to PCell for appropriate HARQ timing). Thus, the additional standard efforts for applying reference HARQ timing different from that of PCell would not be needed (e.g. implicit PUCCH resource collision). However, it would definitely not be matched for motivation of CA and different TDD configuration when considering the points which are supporting peak data rate, efficient resource utilization and flexible traffic adaptation. The one of examples could be addressed as below.
· Confirm the working assumption from RAN1#68: for half-duplex case, follow SCell SIB1 configuration in case of self scheduling.
Regarding above agreements for PUSCH scheduling/HARQ timing from RAN1#68bis, there might be one scheduling restriction on PUSCH transmission on SCell for UL-Case A in Table 1 if the alt 1 is applied for half duplex. For example, PCell and SCell are configured by TDD UL-DL configuration 1 and 2, respectively. Then, if alt 1 is applied for half duplex in this case, there would be no PUSCH transmission on SCell as following current agreement. So, the PUSCH transmission is only limited to PCell by deterministic manner even if the corresponding subframe is aligned to UL subframe on both PCell and SCell as seen subframe #2 and #7 in figure 1. 
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Figure 1. Limited PUSCH scheduling only on PCell even in non-conflicting subframe in TDD CA
Alt 2. By network configuration
According to alt 2, there could be two candidates to be supported by network configuration which are either RRC configuration or dynamic configuration by PDCCH composed of UL grant [3][5]. These two methods would have the similar benefits which are flexible UL/DL traffic adaptation and efficient resource utilization (more exactly, dynamic approach is better optimized than RRC configuration). However, these would commonly make the additional standard effort to be solved (e.g. implicit PUCCH resource allocation when configuring channel selection, and PHICH collision issue). For RRC configuration method in alt 2, it could cause the additional handling during the RRC reconfiguration [3].
Regarding PDSCH/PUSCH HARQ timing, if alt 2 is applied for half duplex operation in conflicting subframe, the PDSCH/PUSCH HARQ timing for both self-scheduling and cross-carrier scheduling as full duplex UE might be reused for half duplex UE with alt 2 even if the PDSCH/PUSCH HARQ timing for all the cases is not decided yet. It means that common HARQ timing could be implemented for both half and full duplex UE where it seems be well matched for striving for a common solution for both half and full duplex UE as a conclusion of RAN1#67. 
Considering the addressed pros and cons from alt 1 and 2, it is preferred that dynamic configuration in alt 2 is used for half duplex operation in TDD CA with different TDD configuration.

Proposal 1: It is preferred that dynamic configuration by UL grant scheduling is used for half duplex operation in TDD CA with different TDD configuration.
2.2. Further consideration for supporting PRACH transmission
In Rel-10, for random access procedure, the physical layer random access preamble is transmitted consisting of a cyclic prefix of length
[image: image2.wmf]CP

T

 and a sequence part 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 in RAN2. With these considerations, we can 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 behavior in conflicting subframe. As seen left figure in figure 3, if PCell SIB1 configuration is following as 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 happen when following dynamic configuration for half duplex UE. In addition, it seems the UL coverage on SCell for half duplex UE could be limited and thus, it would not be aligned with the observation on having better UL coverage by different TDD configuration in inter-band CA TDD. And also, because 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 in 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 for following PCell SIB1 configuration 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 the UE, it needs to guarantee the UL subframe in conflicting subframe even if DL subframe is selected according to subframe direction rule based on alt 1 or 2. Therefore, in case PCell SIB1 configuration is applied for half duplex operation, UL subframe on SCell in conflicting subframe could be selected for guaranteeing a preamble transmission 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 configuration is applied for the half duplex operation in conflicting subframe. However, the same principle as seen figure 4 can be applied for the preamble transmission during random access procedure. In this case, regardless of 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 either PCell or 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 applied 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 preamble format with longer preamble sequences. And also, it can provide the flexible preamble transmission timing where it is not only restricted to non-conflicting subframe (i.e. common UL direction on both PCell and SCell) for half duplex UE. 
Proposal 2: During the RA procedure for half duplex UE, allowing UL direction on top of proposed alternatives (i.e. alt 1 or 2) in conflicting subframe should be guaranteed for a preamble transmission.
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: It is preferred that dynamic configuration (i.e. by UL grant) is used for half duplex operation in TDD CA with different TDD configuration.
· Proposal 2: During the RA procedure for half duplex UE, allowing UL direction on top of proposed alternatives (i.e. by PCell SIB1 configuration or dynamic configuration) in conflicting subframe should be guaranteed for a preamble transmission. 
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