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1 Introduction
In RAN1#76, RAN1 has intensively discussed the remaining issues on TDD-FDD CA in Rel-12. Substantial progress on TDD-FDD CA has been made, and effective email discussion has also been concluded (e.g. [75-12]), except the following remaining issues: 
· On the support of TDD PCell with FDD SCell in Rel-12

· If supported, FDD SCell PDSCH HARQ timing with TDD as PCell in case of self-scheduling

· Periodic CQI/PMI reporting period set configuration 
· DCI format design (working assumptions by [75-12])

· TPC command signaling timing
In this contribution, we would like to mainly focus on the above remaining issues to finalize the work item "LTE TDD-FDD joint operation" in Rel-12 until RAN#64. The detailed views on each issue are discussed in the following sections.
2 On the support of TDD-FDD CA with TDD PCell
According to the decision in RAN 63 [1], first of all, RAN1 should discuss whether PCell using TDD with FDD SCell should be supported in Rel-12 TDD-FDD CA or not, together with which DL PDSCH HARQ timing for a SCell FDD in self-scheduling is applied (if supported). 
Since Rel-10, the carrier aggregation (CA) has been a UE specific configuration till now. So, network operators can freely offload the user data traffic within a cell range in order to avoid some traffic congestion to a certain serving cell, and also select a serving cell providing best link quality as a PCell by handover per each CA configured UE. Moreover, through the UE specific PCell configuration, many control information (i.e. UCI) from CA UEs can be naturally distributed among UL CCs as much as possible, together with the consideration of existing non-CA UEs on each serving cell.
In that sense, the support of TDD PCell in Rel-12 would be very desirable as the network operators having both TDD and FDD carriers can obtain the additional flexibilities in their network deployment and some potential system performance benefits (e.g. data/control offloading to any carrier regardless of TDD/FDD). Also, for example, given that the LTE FDD network is currently serving in a macro cell by network operators, the network operators may have a plan to additionally deploy TDD carriers into small cells (e.g. RRHs as in CA scenario#4 [2]) with the consideration of TDD-FDD CA in LTE Rel-12. In that case, since the all TDD-FDD CA UEs is mandated to configure the FDD serving cell as a PCell in the macro cell, the all of PCell-related functionalities (e.g. PUCCH, PRACH, RLM, etc,.) will be concentrated to a macro cell (FDD), resulting in inefficient radio resource utilization and higher interference problem. Therefore, they cannot have an opportunity to use a TDD serving cell as a PCell, even if the TDD carrier would give them better channel quality that FDD carrier served by the macro cell. In addition, the LTE TDD network operators may also have a chance to additionally deploy the FDD carriers as a SCell for various purposes (e.g. interference avoidance between TDD network operators, etc.,) on top of their current LTE TDD network. 
With these further flexibilities and potential system benefits as described above, we think it is reasonable to support the TDD PCell with FDD SCell for the completeness of TDD-FDD CA in Rel-12. 
Proposal 1: Support the PCell using TDD with SCell using FDD for TDD-FDD CA in Rel-12.
Assuming that the PCell using TDD with SCell FDD is supported in Rel-12, the DL PDSCH HARQ timing for the case should be defined as did in previous meeting. Since last RAN1 meeting, there have been three main options, and its pros and cons per each option was well shared as summarized below. 
· Option 1-1) New DL HARQ timing table (table 1) with supporting channel selection for all TDD UL-DL configurations in PCell [3].
· Pros: All 10 DL subframes on FDD SCell can be scheduled for PDSCH
· Cons: Further specification and implementation impacts to handle M>4 
· Option 1-2) New DL HARQ timing table (table 1) with only supporting channel selection for TDD UL-DL configuration #0, #1and #6 [4].
· Pros: All 10 DL subframes on FDD SCell can be scheduled for PDSCH
· Cons: Limited usage of channel selection due to TDD-FDD CA having M>4
· Option 2) DL reference UL-DL configuration table (table 2) where the reference TDD UL-DL configuration is one of the existing 7 TDD UL-DL configurations [5].
· Pros: Less specification impacts

· Cons: Part of the 10 DL subframes on FDD SCell can be only scheduled for PDSCH. Limited usage of channel selection in case of two aggregated cells.
Table 1. New DL association set for FDD SCell (Opt 1)        Table 2. DL reference TDD UL-DL configuration for FDD SCell (Opt 2)
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The main difference between option 1-1) and 1-2) is whether the channel selection is supported for all TDD-FDD CA combinations or not. In technical point of view, to allow the TDD-FDD CA UEs to transmit the channel selection is always preferable regardless of TDD-FDD CA combination (e.g. PCell TDD UL-DL configuration), because the channel selection has outperformed the PUCCH format 3 with ~0.8 dB better detection performance [6] and has better PUCCH resource utilization. Moreover, it is expected that the practical CA deployment by network operators may mostly have two carriers for some years ahead to come in the world and thus, the channel selection may be strongly preferred HARQ-ACK feedback scheme in that case. Finally, it is beneficial to support the channel selection for HARQ-ACK feedback in TDD-FDD CA, that means option 1-2 and option 2 are not basically preferred to us only in HARQ-ACK feedback perspective.
For option 2, it is very much clear that it does not bring us additional specification and implementation impacts for TDD-FDD CA with TDD PCell, compared to option 1-1 and 1-2 according to RAN1 discussion till now. Even if the option 2 does not provide the peak data rate and potential system performance enhancements by using all 10 DL subframes in FDD SCell, it would definitely do work with TDD PCell case as a sub-optimal way in Rel-12 TDD-FDD CA. In this sense, once RAN1 agree to support the TDD PCell with option 2 in Rel-12 TDD-FDD CA, and later if RAN agrees to support further enhancements including DL PDSCH HARQ timing issue on TDD PCell for Rel-13, RAN1 can then do optimize it for further CA enhancements or potential future SI/WIs (e.g. DL only TDD UL-DL configuration, Unlicensed LTE spectrum, etc.,).
In summary, we think the DL PDSCH HARQ timing issue should not be obstacle to support the TDD PCell with FDD SCell CA in Rel-12. Therefore, we propose that under the assumption of the supporting TDD PCell with FDD SCell for TDD-FDD CA in Rel-12, if there is still no consensus to adopt the option 1-1 in RAN1, the option 2 can be baseline for TDD PCell in Rel-12 TDD-FDD CA. 
Proposal 2: Option 2 can be baseline on the DL HARQ timing issue for TDD PCell with FDD SCell in Rel-12, if there is no consensus to support the option 1-1.

3 Periodic CSI reporting for TDD-FDD CA
In Rel-11 inter-band TDD CA, it was agreed that the periodic CSI reporting periodicity for a serving cell on interband TDD CA depends on the TDD UL-DL configuration of the primary cell as seen following description in [7]. 
	For TDD periodic CQI/PMI reporting, the following periodicity values apply for a serving cell c depending on the TDD UL/DL configuration of the primary cell [3]:
· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in a radio frame are used for CQI/PMI reporting.

· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 2, 6}.

· The reporting periods of 
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 are applicable for the serving cell c for any TDD UL/DL configuration of the primary cell.


For the periodic CSI (P-CSI) reporting, the configurable set of CQI/PMI reporting period 
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 (in subframes) is different between FDD and TDD:

· 
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 for FDD: {2, 5, 10, 20, 40, 80, 160, 32, 64, 128}

· 
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 for TDD: {1, 5, 10, 20, 40, 80, 160}
With above current specification, when considering the TDD-FDD CA, further modification of the CQI/PMI reporting period 
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 will be required, since it was agreed for TDD-FDD CA to maintain same principle in which PUCCH is only transmitted in UL PCC to send UCI including the CQI/PMI reporting, and it has different CQI/PMI reporting period set between TDD and FDD. Thus, it should be of course dependent on the characteristic of a PCell (TDD or FDD) for CQI/PMI reporting of a serving cell (TDD or FDD). 
There are two cases for this issue.
Case 1. PCell(FDD)-SCell(TDD) CA

For a SCell, the CQI/PMI reporting period set can be determined by one of following options:

· Option 1: using 
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 of TDD(SCell): {1, 5, 10, 20, 40, 80, 160}
· Option 2: using 
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 of FDD(PCell): {2, 5, 10, 20, 40, 80, 160, 32, 64, 128}
If the eIMTA is configured in SCell using TDD together with TDD-FDD CA to a UE capable both features, the CQI/PMI reporting period set 
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 for the DL reference UL-DL configuration #5 can be optionally considered for a SCell as following:
· If the TDD SCell is enabled with eIMTA feature, then 
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 of DL reference UL-DL configuration #5 (SCell): {10, 20, 40, 80, 160}.
Case 2. PCell(TDD)-SCell(FDD) CA

· Option 1: using 
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 of TDD(PCell): {1, 5, 10, 20, 40, 80, 160}
· If the TDD SCell is enabled with eIMTA feature, then 
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 of TDD UL-DL configuration #5 (SCell): {10, 20, 40, 80, 160}
In case 2, the CSI reporting period set 
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 for FDD SCell can be determined by using the CQI/PMI reporting period depending on the TDD UL-DL configuration of a primary cell. For eIMTA and CA, it should be also considered as in case 1 that the DL reference configuration introduced for eIMTA-enabled TDD is considered when deciding CSI reporting periodicity on a serving cell in FDD SCell.
In summary, with using 
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 of a PCell regardless of the case 1 and 2, we think it can handle the issue of the CQI/PMI reporting period set for a SCell, resulting in aligned UE behavior and implementation for CQI/PMI reporting for SCell and less specification change in TDD-FDD CA. But, it can be further discussed with different alternatives [8].
Proposal 3: For both case, Use the CQI/PMI reporting period set of a PCell for a SCell in Rel-12 TDD-FDD CA. Additionally if eIMTA is enabled in a TDD serving cell with TDD-FDD CA, the CQI/PMI reporting period set for a SCell can be based on DL reference UL-DL configuration #5.
4 DCI format design for TDD-FDD CA
After email discussion [75-12], the followings on the DCI format discussion for a SCell with the consideration of different scheduling mode (i.e. self-scheduling or cross-carrier scheduling) were agreed. 
	Agreement by [75-12]:

1 bit SRS request field in DCI format 2B/2C/2D (if aperiodic SRS is configured) exists only when TDD SCell is a scheduled cell regardless whether the scheduling cell is TDD or FDD.
If both PCell and the scheduled SCell use FDD:
-          DL DCI and UL DCI formats: no UL index, no UL DAI, no DL DAI
-          DL DCI formats include 3-bit HARQ process number field

If TDD PCell is supported, when PCell uses TDD and the scheduled SCell uses FDD:

-          DL DCI formats include 2-bit DL DAI and 4-bit HARQ process number field
-          UL DCI formats include 2-bit UL DAI 

-          No UL index field exists in UL DCI formats

For other cases,

-          Option B as working assumption for FDD PCell case
-          Option B as working assumption for TDD PCell case, if TDD PCell self-scheduling is supported
Table 3. Details of the DCI format design with option A and B
[image: image18.png]uLDCI DLDCI
Poell  |scheduling cell|scheduled cell | SRS request | HARQ process
ULindex ULDAI DLDAI Inf2B/2¢/2D number
Self-carrier scheduling
2(Configd) | 0 (Configd) " N
oD self TOD 1o (otherwise)| 2 (otherwise)* | 2 m &
TDD self FDD 0 2 2 0 4
Cross-carrier scheduling
2(Configd) | 0 (Configd) " N
oD TDD/FDD TOD | (otherwise)| 2 (otherwise)* | 2 m b
FDD TDD/FDD FDD 0 0 0 0 3
2 (config0), | 0 (Configd)
oD TDD/FDD TOD 1o (otherwise)| 2 (otherwise) 2 m 4
TDD TDD/FDD FDD 0 2 2 0 4




    [image: image19.png]uLDCl DLDCI
Peell  [scheduling cell| scheduled cell . SRS request | HARQ process
Utindex vroar PO ini28/2c/20 | number
Self-carrier scheduling
2 (Configd)
FDD. self DD 0 (otherwise) 0 0 [ 3
TDD. self FDD. 0 2 2 0 1
Cross-carrier scheduling
2 (Configd)
FDD. TDD/FDD DD 0 (otherwise) 0 0 [ 3
FDD. TDD/FDD FDD. 0 0 0 0 3
2(Configd) | 0 (Config0)
DD TDD/FDD DD 0 (otherwise) |2 (otherwise] 2 [ a
TDD. TDD/FDD FDD. 0 2 2 0 a





Option A)                                                                   Option B)


For other cases in above, the working assumptions need to be discussed for finalizing the DCI format design in TDD-FDD CA. In table 3, there are two alternatives for this issue, and the most conflicted parts in the DCI formats between two options are highlighted by red color. It can be observed that the option A is focusing on keeping the current TDD DCI format size for the TDD scheduled cell in order to less number of DCI format sizes monitored by TDD-FDD CA UEs, while the option B provides more compact DCI format size by removing the unnecessary bits in the DCI formats, resulting in better detection performance of (E)PDCCH compared to the option A. In effect, it seems that these two options do not have much difference, and the current working assumption (i.e. option B) would provide slight better performance by the compact size. Moreover, with the option B and current specification, which already allow the various DCI size depending on the many combinations of the network configurations (e.g. CIF, SRS, CSI request and so on), it seems there is no significant problem like DCI size ambiguity especially between DL and UL DCI formats, and even if there may be same DCI size between DCI formats, it can be resolved by proper network configuration. So, it is proposed that the current working assumption (option B) is confirmed.
Proposal 4: Confirm the current working assumption (Option B) for the DCI format issue in TDD-FDD CA.
5 TPC command timing for TDD-FDD CA
For TPD command timing, following descriptions have been captured for an either TDD or FDD in the current specification [7].

	If accumulation is enabled, 
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otherwise (no enabled),
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In both cases, 
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was signalled on (E)PDCCH on subframe 
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is determined by 

· For FDD,
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· For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two configured serving cells is not the same, the "TDD UL/DL configuration" refers to the UL-reference UL/DL configuration (defined in subclause 8.0) for serving cell 
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· For TDD UL/DL configurations 1-6, 
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 is given in Table 5.1.1.1-1

· For TDD UL/DL configuration 0

· If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI format 0/4 in which the LSB of the UL index is set to 1, 
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= 7
· For all other PUSCH transmissions, 
[image: image29.wmf]PUSCH

K

 is given in Table 5.1.1.1-1.
Table 5.1.1.1-1: 
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 for TDD configuration 0-6
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For TPC command timing, it has been specified to capture the timing relation (
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, in subframes) between (E)PDCCH (DCI format 0/3/3A/4) and PUSCH as seen above. That is, it has been based on its UL scheduling timing for a single carrier (TDD or FDD) in Rel-8/9, CA (FDD/FDD or TDD/TDD with same UL-DL configuration) in Rel-10 and CA (TDD/TDD with different UL-DL configuration) in Rel-11.

For UL HARQ/scheduling timing in Rel-12 TDD-FDD CA, RAN1 has made the following agreement for the scheduled SCell (FDD) as new UL HARQ/scheduling timing in case of cross-carrier scheduling, regardless of the duplex mode (e.g. FDD or TDD) of a PCell, when the scheduling cell is TDD and the scheduled cell is FDD.  
	Agreement in RAN1#76:
· For UL cross carrier scheduling if the scheduling serving cell is TDD and the scheduled serving cell is FDD:

· For UL cross-carrier scheduling, the scheduling/HARQ timing of FDD scheduled serving cell follows:

· 10ms RTT

· 4ms between UL grant/PHICH and PUSCH

· 6ms between PUSCH and PHICH


Based on above agreement, it seems there would be need to discuss the TPC command timing value for the scheduled serving cell (FDD) in this case where the scheduling cell is TDD and the scheduled serving cell is FDD, because of new introduced UL scheduling timing based on 10ms RTT. Thus, it is reasonable to signal the TPC command on subframe 
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 using table 4 for the PUSCH transmission in subframe number i that depends on agreed UL scheduling timing for this case in TDD-FDD CA. And this principle is well aligned as did in Rel-8/9 a single carrier (TDD or FDD) and Rel-10/11 CA. Thus, we propose to adopt the following TPC command timing table for the PUSCH on a scheduled serving cell (FDD) in subframe i, when the scheduling serving cell is TDD and the scheduled serving cell is FDD. Regarding other cases in TDD-FDD CA, it can be covered by reusing one of what we have specified.
Table 4: 
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 for scheduled cell (FDD) in case of scheduling cell TDD configuration 0-6
	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4 
	-
	-
	-
	4
	4
	-
	-
	-
	4

	1
	4 
	-
	-
	4
	4
	4
	-
	-
	4
	4

	2
	4 
	-
	4
	4
	4
	4
	-
	4
	4
	4

	3
	4
	4
	4
	4
	4
	4
	-
	-
	-
	4

	4
	4
	4
	4
	4
	4
	4
	-
	-
	4
	4

	5
	4
	4
	4
	4
	4
	4
	-
	4
	4
	4

	6
	4 
	-
	-
	4
	4
	4
	-
	-
	-
	4


Proposal 5: Adopt TPC command timing using table 4 for PUSCH on the scheduled cell (FDD) in subframe i, if the scheduling serving cell is TDD and the scheduled serving cell is FDD.
6 Conclusions

In this contribution, we mainly discuss the several remaining issues for Rel-12 FDD-TDD CA. Finally, we would like to propose the followings for further discussion.
Proposal 1: Support the PCell using TDD with SCell using FDD for TDD-FDD CA in Rel-12.

Proposal 2: Option 2 can be baseline on the DL HARQ timing issue for TDD PCell with FDD SCell in Rel-12, if there is no consensus to support the option 1-1.

Proposal 3: For both case, Use the CQI/PMI reporting period set of a PCell for a SCell in Rel-12 TDD-FDD CA. Additionally if eIMTA is enabled in a TDD serving cell with TDD-FDD CA, the CQI/PMI reporting period set for a SCell can be based on DL reference UL-DL configuration #5.
Proposal 4: Confirm the current working assumption (Option B) for the DCI format issue in TDD-FDD CA.
Proposal 5: Adopt TPC command timing using table 4 for PUSCH on the scheduled cell (FDD) in subframe i, if the scheduling serving cell is TDD and the scheduled serving cell is FDD.
Table 4: 
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 for scheduled cell (FDD) in case of scheduling cell TDD configuration 0-6
	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4 
	-
	-
	-
	4
	4
	-
	-
	-
	4

	1
	4 
	-
	-
	4
	4
	4
	-
	-
	4
	4

	2
	4 
	-
	4
	4
	4
	4
	-
	4
	4
	4

	3
	4
	4
	4
	4
	4
	4
	-
	-
	-
	4

	4
	4
	4
	4
	4
	4
	4
	-
	-
	4
	4

	5
	4
	4
	4
	4
	4
	4
	-
	4
	4
	4

	6
	4 
	-
	-
	4
	4
	4
	-
	-
	-
	4
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