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1. Introduction 

Inter-node radio resource aggregation (for scenario #2) is a potential solution for improving per-user throughput and mobility robustness [1]. We proposed DRA (Dynamic Resource Allocation) in [2] as follows

· The UL Control signalling [PUCCH (CSI, Ack/ Nack, SR), SRS] should directly go to the cell providing the corresponding PDSCH/ PUSCH resources.

· Cross carrier scheduling is not meaningful in SCE. The individual cells must transmit the PDCCH towards their UEs.

· DRA functionality should reside in cell/ eNB providing the corresponding PDSCH/ PUSCH resources.
Depending on UE capability, achievable UE throughput on inter-node radio resource aggregation is different. The e-mail discussion [82#18] [LTE/SCE] is focused on the number of RF transmission/receptions chains. There are four candidate UE capabilities:

a)
Single Rx/Tx (which means UE has single Rx and single Tx chain)

b)
Single Rx/Multiple Tx

c)
Multiple Rx/Single Tx

d)
Multiple Rx/Tx (which means UE has multiple Rx and multiple Tx chains)
It was proposed to not consider b) Single Rx /Multiple Tx further since it is not available for legacy UEs (Rel-11 or earlier) and advantage of it is unclear. 
In this contribution we would like to provide our views on UE capability assumption for small cell enhancements and impacts on the standardization.

2. Discussion
2.1. Minimum UE capability

Scenario 1

In order to reduce signalling load to CN, proposed schemes on mobility anchor [3] or rel.11 CoMP would be useful. For those solutions, any UE capability listed above a)b)c) and d) can be supported. For dual connectivity solution, our proposal is to discuss Scenario 2 first. Then whether same functionality can be reused or not is to be discussed for Scenario 1. For mobility robustness, we should wait the outcome of HetNet mobility WI.

Scenario 2

Rel.12 standardization time is limited. Although single Rx/Tx is desirable at the end especially for roaming capable UE, and it works by TDM fashion, phased approach would be useful. Then to start from c) or d) and to support single Rx/Tx in later release would be better. There is no restriction on resource allocation in d). However, d) could suffer from a coverage limitation because of simultaneous transmissions. In addition, d) requires additional RAN4 standardization work and testing. Capability c) could suffer from additional RAN2/1 standardization work for PDSCH (DL assignment) to HARQ ACK timing with limited Tx timing. However, current TDD scheme with ACK/NACK bundling and PUCCH format 3 could be reused. We think the impact of c) is lower compared to that of d). Therefore, to have c) is useful. 
2.2. Supporting single Tx

In case of Single Rx/Tx and Multiple Rx/Single Tx, there are several restrictions on synchronization and allocation of resources. In this section, we discuss impacts on the standardization on supporting single Tx. 
Network synchronization

In TDD, it is difficult to support dual connectivity with single Tx in an asynchronous network. Depending on MeNB timing and SeNB timing, several subframes are mixed DL subframe and UL subframe. In FDD, if guard time subframe(s) for RF switching time and transient time is available, dual connectivity may be supported in asynchronous network, although it is inefficient because of the guard time subframe(s). At least TDD with single Tx, network synchronization should be assumed. This would be already true regardless of dual connectivity or not.
Maximum TA difference 
Depending on TA difference between MeNB and SeNB, the amount of unusable resources (OFDM symbol/ SC-FDMA symbol) is different. For FDD, small TA value difference is more desirable in order to reduce the unusable resources. For TDD, unusable resources depend on which resources (UL, DL, or Special subframe) are used as guard time. It would be depending on UL/DL configurations. Therefore, further consideration is necessary for TDD.
In this maximum TA difference discussion, we focus on FDD. In FDD, guard time are defined as follows

· Maximum guard time = RF switching time + transient time +half of TA difference value 

· Minimum guard time = RF switching time + transient time - half of TA difference value. 
The half of TA difference value represents difference of UL transmission timing between MeNB and SeNB at UE. It also represents the difference of DL receiving timing between MeNB and SeNB at UE. These relations are shown in Figure 1. This is the case of MeNB and SeNB are synchronized. This figure shows MeNB TA is larger than SeNB TA. In this case, for switching from MeNB to SeNB in DL, maximum guard time is necessary since MeNB DL and SeNB DL are partially overlapped. For switching from SeNB to MeNB in DL, minimum guard time is enough since SeNB DL and MeNB DL are not overlapped.
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Figure 1
We think RF switching time + transient time needs to be asked to RAN4 by LS. It is also depending on whether UE assumption is single FFT or multiple FFT and single synthesizer or multiple synthesizers. In case of multiple FFT and multiple synthesizers, RF switching time can be shorter.

We categorized four cases based on maximum guard time in FDD as show in Figure 2.
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Figure 2
[Case 1] maximum guard time is 1msec
In this case, one subframe is used as guard time.
· When maximum TA difference/2 is 333usec (one of cell is100km coverage), RF switching time + transient time should be lower than 777usec to support 100km cell.
[Case 2] Maximum guard time is around 2-3 OFDM symbol
In this case, 2 or 3 OFDM symbol shorten format is necessary for UL and DL in single Rx/Tx and the shorten format is necessary for UL in multiple Rx/single Tx.

Maximum guard time should be lower than 142.8 usec (2 OFDM symbol in normal CP) or 214.2usec (3 OFDM symbol in normal CP).

· When Max TA value difference is 33.3usec (10km), RF switching time + transient time should be lower than 109.5 or 180.9 usec.

· When Max TA value difference is 66.6usec (20km), RF switching time + transient time should be lower than 76.2 or 147.6 usec.
[Case 3] Maximum guard time is around 1 OFDM symbol
In this case, 1 OFDM symbol shorten format is necessary for UL and DL in single Rx/Tx and the shorten format is necessary for UL in multiple Rx/single Tx.

Maximum guard time should be lower than 71.4usec in normal CP.

· When Max TA value difference is 33.3usec (10km), RF switching time + transient time should be lower than 38.1usec.

· When Max TA value difference is 66.6usec (20km), RF switching time + transient time should be lower than 4.8usec.
[Case 4] Maximum guard time is CP length order
In this case, there is no gap period.
Maximum guard time should be lower than 4.7usec.

· When Max TA value difference is 3.3usec (1km), RF switching time + transient time should be lower than 1.7usec.

We think such Max TA value difference is too small. Therefore, Case 4 is difficult to be operated.

Subframe relations 
For single Tx case, following four subframe relations should be considered for both FDD and TDD. 
· UL grant to PUSCH timing

· PDSCH (DL assignment) to HARQ ACK timing

· PUSCH to PHICH/PDCCH timing

· UL synchronous HARQ
For multiple Rx/ single Tx, UE can monitor every DL subframes in both TDD and FDD. Then UL grant to PUSCH timing relation and PUSCH to PHICH timing relation do not need to be enhanced. PDSCH (DL assignment) to HARQ ACK relation should be enhanced to carry multiple ACK/NACK in a UL subframe. Although it is RAN1 issue, we consider current ACK/NACK bundling and PUCCH format 3 would be candidates of solution. 
For single Rx/Tx, resource utilization is more limited. If DL subframes are aligned with PHICH and PDCCH of UL HARQ process#, there is no issue on PUSCH to PHICH/PDCCH timing. If they are not aligned, no PHICH operation would be one candidate of solution. For UL grant to PUSCH timing and PDSCH to HARQ ACK timing, whether new rule is necessary or not should be discussed in RAN1. For FDD, same timing relation with rel.8 would be reused. For TDD, It would depend on which subframes are belonging on MeNB or SeNB. Further consideration is necessary if single Rx/Tx should be supported.
For UL synchronous HARQ operation with multiple Rx/ single Tx and single Rx/Tx, there are 4 options as follows

· Option1: Minimum RTT is kept. UE has buffer of X HARQ process for MeNB and X HARQ process for SeNB. X is the number of HARQ process without dual connectivity. Depending on configuration of MeNB subframe and SeNB subframe, RTT is longer than minimum RTT.

· Option 2: MeNB subframe and SeNB subframe are selected according to HARQ process#. It can keep minimum RTT. However selection of MeNB subframe and SeNB subframe is limited. 
· Option 3: Synchronous HARQ is kept. However HARQ RTT is not fixed like in Rel-8. Minimum HARQ RTT must be ensured depending on MeNB subframe and SeNB subframe. It is same approach as Relay backhaul. 
· Option 4: Synchronous HARQ is not supported. UL grant indicates UL HARQ process#. Additional bits are necessary
Further discussion is necessary for UL synchronous HARQ operation. It is also related to required RTT.
3. Conclusion
In this contribution, we provided our views on UE capability assumption for small cell enhancements and impacts on the standardization.
For minimum capability, our proposal is to discuss Scenario 2 first. For scenario 2, to have c) in Rel.11 is useful to avoid additional RAN4 standardization work and testing on d). 
For impacts on the standardization on supporting single Tx, we observe the following:
· At least in TDD for the single Tx case, network synchronization should be assumed.
· RF switching time + transient time needs to be asked to RAN4 by liaising with them. Depending on RF switching time + transient time, supportable maximum TA value difference between MeNB and SeNB is changed.  

· For multiple Rx/ single Tx, PDSCH (DL assignment) to HARQ ACK relation should be enhanced to carry multiple ACK/NACK in a UL subframe
· For single Rx/Tx, whether new rule for UL grant to PUSCH timing and PDSCH to HARQ ACK timing is necessary or not should be discussed in RAN1
· FFS for UL synchronous HARQ operation. It is related to required RTT.
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