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1. Introduction
In RAN #51 meeting, the WI proposal [2] for LTE CA enhancements was agreed, which includes the following item to be studied for CA enhancement in Rel-11 TDD mode.

·  “Support of inter-band carrier aggregation for TDD DL and UL including different uplink-
downlink configurations on different bands”.
In recent 3GPP RAN1#66 meeting, for Rel-11 CA, there was a detailed progress achieved as follows:

· Support of different TDD UL-DL configurations on different bands

· Agreements:

· No new TDD UL/DL configurations will be considered in this WI.

· If Support of different TDD UL-DL configurations on different bands is specified, the UEs will 

be informed of the actual UL/DL configuration of each aggregated CC.

· Way forward on UE functionality (half vs full duplex):

· Compare benefits & Evaluate UE implications of supporting aggregation of CCs with different 

UL/DL configurations in different bands with/without simultaneous rx/tx

· LS to RAN4 to ask about relevant inter-band spacings (and their priorities) compared to FDD 

duplex spacings - can simultaneous Tx/Rx be assumed - R1-112823.
In the email reflector after RAN1 #66 meeting, RAN1 sent LS[3] to ask RAN4 to evaluate UE implications for support of simultaneous transmission/reception on different bands. 
In this contribution, we consider the relevant issues for inter-band carrier aggregation, e.g. the application scenarios, the inconsistent subframe problem and the selection rule of transmission directions when conflict in the same subframe, and give our analysis of the pros and cons. 

2. Discussion 
In the following section, we mainly focus on the inter-band carrier aggregation with different TDD UL-DL configurations on different bands.
2.1
The scenario for inter-band CA 
In 36.300[1], Table J.1-1 shows some of the potential deployment scenarios for CA. In Rel-10, for the uplink, the focus is laid on the support of intra-band carrier aggregations (e.g. scenarios #1, as well as scenarios #2 and #3 when F1 and F2 are in the same band). For the downlink, all scenarios should be supported in Rel-10.
For Rel-11 CA, scenario 4 is most likely to apply inter-band CA with different TDD UL-DL configurations on different bands, e.g. CA-based HetNet scenario in figure 1.
Observation 1:  Scenario 4 is most likely to apply inter-band CA with different TDD UL-DL configurations on different bands.
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Fig.1 CA deployment scenario 4 in [1]
In such deployment scenario, macro cell on CC1 provides macro coverage and Remote Radio Heads (RRHs) cell on CC2 are used to improve throughput at hot spots. Mobility is performed based on CC1 coverage. Likely scenario is when CC1 and CC2 are of different bands, e.g., CC1 = {800 MHz, 2 GHz} and CC2 = {3.5 GHz}, etc. It is expected that RRHs cells on CC2 can be aggregated with the underlying macro cells on CC1.
2.2
Supporting simultaneous transmission and reception or not
When inter-band CA with different TDD UL-DL configurations is adopted, the transmission direction in UL/DL subframe may conflict for different TDD UL-DL configurations, e.g. 
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Figure 2 inconsistent subframe in inter-band CA with different TDD UL-DL configurations
From figure 2, if macro cell on CC1 uses configuration 1 and RRH cells on CC2 uses configuration 6, it seems that the transmission directions in subframe 4 are opposite for a UE. Whether to support simultaneous transmission and reception in a subframe for UE is the first instance to be clear.
Observation 2:  It should be clear that whether simultaneous transmission and reception in a subframe is supported.

There are two options for whether supporting simultaneous transmission and reception or not.
· Option2-1: No simultaneous transmission and reception
Here, UE is not supporting simultaneous transmission and reception in a subframe, so if those inconsistent subframes collide, one of transmission directions should be blocked, and the selection principle of transmission direction is needed.
             Proposal 1: RAN1 should determine the selection rule of transmission direction for no simultaneous transmission and reception. 
· Option2-2: Support of simultaneous transmission and reception
If UE is supporting simultaneous transmission and reception in a subframe, despite fully usage of the UL/DL resource thereby maximizing system throughput, it still needs evaluation on the impact of simultaneous transmission and reception to the TDD UE  implementation, e.g. UL/DL scheduling and HARQ timing when cross-carrier scheduling, the restricted number of bands which use different UL-DL configurations, the modification of standards and specification, and  the RF chain requirement of both transmitter and receiver at the same time, etc. RAN1 and RAN4 should jointly assess the gains and losses if supporting simultaneous transmission and reception in practical application. 
             Proposal 2: RAN1 and RAN4 should jointly evaluate the impact on the TDD UE implementation for supporting simultaneous transmission and reception.
2.3 The selection rule of transmission direction

If simutaneous transmission and reception are not supported in the case of aggregating cells with different UL-DL configuration on different bands, the transmission direction must be uniquely determined by some selection rules as follows:
· Alt 1: The UL-DL configuration on PCell determines the transmission direction in
inconsistent subframe.
In Alt 1 case, the transmission direction follows the UL-DL configuration on PCell, and thus Alt 1 just like the situation in option 1 and Rel-10 TDD intra-band CA design is completely reusable. 


[image: image3.emf]U U S D U S D D U D

U U S D U S D U U D

Macro cell on CC1

Configuration 1

(PCell)

RRH cell on CC2

Configuration 6

(SCell)

Subframe index 0 1 2 5 4 3 8 7 6 9


             Figure 3  Alt 1 in inter-band CA with different TDD UL-DL configurations
           Below, we discuss the scheduling and UL/DL HARQ timing issues for Alt 1: 

· DL HARQ timing
If PDSCH received in primary downlink carrier, the HARQ-ACK can be feedback on PUCCH or PUSCH in SIB2-linked primary uplink carrier. Otherwise, if PDSCH received in secondary downlink carrier, with Alt 1 rule, the HARQ-ACK can be feedback on PUSCH still based on the UL-DL configuration on primary carrier. In short, DL HARQ timing depends on the UL-DL configuration on PCell.

· UL HARQ timing
If cross-carrier scheduling is not configured, if PDCCH received in downlink carrier, the retransmission occurs on PUSCH in SIB2-linked uplink carrier, i.e., UL HARQ timing depends on the UL-DL configuration on the SIB2-linkage respective cell. 
If cross-carrier scheduling is configured, with Alt 1 rule, the retransmission occurs on PUSCH still based on the UL-DL configuration on primary carrier,i.e., UL HARQ timing depends on the UL-DL configuration on PCell.

· Alt 2: The transmission direction for inconsistent subframe is configured by network

In Alt 2 case, the transmission direction is predetermined and configured by network. For 

instance, when inconsistent subframes collide, if network configures DL inconsistent subframe
to be omitted, then muting the DL transmission in all inconsistent subframes and only keeping 
the UL transmission, and vice versa. 
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            Figure 4  Alt 2 with configured DL muting in inter-band CA with different TDD UL-DL configurations
            Below, we discuss the scheduling and UL/DL HARQ timing issues for Alt 2: 

· DL HARQ timing
If network configures DL inconsistent subframe to be omitted, DL HARQ timing seems no need to be changed. If network configures UL subframe to be omitted, when inconsistent subframes collide, DL HARQ timing may be influenced by the number of UL inconsistent subframes in the respective cell.
· UL HARQ timing
· Network configures DL inconsistent subframe to be omitted

       If cross-carrier scheduling is not configured, if PDCCH received in downlink carrier, the retransmission occurs on PUSCH in SIB2-linked uplink carrier, i.e., UL HARQ timing depends on the UL-DL configuration on the SIB2-linked respective cell. 
       If cross-carrier scheduling is configured, if PDCCH received in downlink carrier, the retransmission occurs on PUSCH in CIF specified uplink carrier, i.e., UL HARQ timing depends on the UL-DL configuration on the CIF specified cell.
· Network configures UL inconsistent subframe to be omitted
For both cross-carrier scheduling configured and not configured cases, muting UL transmission may delay the retransmission on PUSCH, and thus influence UL HARQ timing.

Compared Alt 1 with Alt 2, Alt 1 seems to be preferable because Rel-10 TDD intra-band CA design can be reused, and the impacts to the standard and implementation are minimal. However, these two methods need to be further investigated for performance comparison. 

Proposal 3: The selection rules of transmission direction need further consideration. 

3. Conclusion
This contribution considers the relevant issues for inter-band carrier aggregation to RAN1, e.g. the application scenarios, the inconsistent subframe issues and the selection rule of transmission directions when conflict in the same subframe, and proposes the following observations and suggestions: 
Observation 1:  Scenario 4 is most likely to apply inter-band CA with different TDD UL-DL configurations on different bands.
Observation 2:  It should be clear that whether simultaneous transmission and reception in a subframe is supported.

Proposal 1: RAN1 should determine the selection rule of transmission direction for no simultaneous transmission and reception. 
Proposal 2: RAN1 and RAN4 should jointly evaluate the impact on the TDD UE implementation for supporting simultaneous transmission and reception.
Proposal 3: The selection rules of transmission direction in the inconsistent subframe need further consideration. 
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