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1. Introduction
This contribution discusses remaining issues for dual connectivity physical layer aspects with some proposals. 
2. Power control related issues
2.1. Remaining issues on PRACH
In RAN1#78, the following is agreed regarding PRACH/SRS for supporting dual connectivity.

	Agreements:
· For a UE in a power-limited case, the following are assumed with regards to PRACH prioritization across CGs
· Working assumption: If the difference of the starting time of two transmissions is equal to or less than [33usec] and if the UE applies PCM1

· PCell PRACH > other PRACHs > other channels

· Working assumption: For the case of retransmission of PRACH or UE-initiated PRACH, PCell PRACH > other PRACHs > other channels
· Other than above two sub-bullets, on-going transmission is prioritized

· Priority among other PRACHs is up to UE implementation

· It is up to UE implantation that lower prioritized PRACH is power scaled or dropped,
· FFS: If PRACH is dropped, 
· L1 can indicate the dropping to MAC if RAN2 see the need of the indication
· No increment in power ramping is necessary for the retransmission
Agreement:
· If the transmit power of PUCCH/PUSCH/SRS of a CG is equal to or lower than a guaranteed power configured for the CG, the transmit power is guaranteed

· Except when it is overlapped with a PRACH in the other CG and the UE is power-limited

Agreement:
· In DC PC mode 1, the remaining power is allocated across CGs in case of power limitation with the following priority order

· HARQ-ACK&SR > CSI > Data > SRS
· MCG > SCG for tie-breaks
· FFS: Whether PSeNB or PMeNB is applicable to SRS
· FFS: UE behaviors in case SRS transmission on one or both CGs and UE maximum power is exceeded


Depending on PRACH configuration, PRACH transmission can occupy more than one subframes. In this case, the difference of the starting time of two PRACH transmissions in synchronous DC scenarios which are overlapped each other can be varying up to about 2.33ms (excluding guard time). To prioritize PCell PRACH over other PRACH at least for PDCCH-order triggered PCell PRACH, the large overlap portion between two PRACHs may not allow sufficient processing time for a UE to look-ahead and then deprioritize the lower priority PRACH as shown in Figure 1-(a). 
To confirm the working assumptions regarding PRACH, collision between PRACH and non-PRACH and collision between PRACHs can be considered separately. For PRACH and non-PRACH channel, in PCM1, prioritizing PRACH over other channels is feasible regardless of the difference of starting timing of two channels as it is supported in CA currently. For collision between PRACHs in PCM1, in case the higher prioritized PRACH is triggered by PDCCH order, it can be prioritized over lower priority PRACH if a UE can perform look-ahead.  Based on the assumption that PRACH may require the similar processing time for look-ahead operation, if two PRACHs start at the same subframe, it can be assumed that a UE can do look-ahead if two PRACHs start at the same subframe. In PCM1, as the maximum received timing difference is [33us], if two PRACHs start at the same subframe would have maximum [33us] transmission timing difference. If the lower priority PRACH starts previous subframe than higher priority PRACH, look-ahead operation may not be assumed.
With this understanding, we propose to confirm the working assumption with the clarification on PRACH collision cases.
Proposal 1: Confirm the first working assumption with the following modification:
· If two PRACHs collide and the difference of the starting time of two PRACH transmissions is equal or less than [33us] or only one PRACH in a given subframe, and if the UE applies PCM1

· PCell PRACH > other PRACHs > other channels
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Figure 1: Example of overlapped two PRACH transmissions.

For the case of retransmission of PRACH or UE-initiated PRACH, it can be assumed that the UE knows the estimated timing of PRACH transmission before UE transmits PRACH on the other cell. Therefore, at a given time, it can be assumed that the UE knows whether there will be PCell PRACH transmission in the middle of SCell PRACH transmission or not. 
Proposal 2: Confirm the second working assumption “For the case of retransmission of PRACH or UE-initiated PRACH, PCell PRACH > other PRACHs > other channels”. 
When more than one PRACH collide across CGs, less prioritized PRACH transmission can be dropped if power limited case occurs. When a PRACH is dropped, it should be notified to higher layer to allow appropriate RACH procedure. For example, since the PRACH dropping does not mean that channel quality between eNB and UE is not good, it seems not preferable to increase transmission counter, increase the power, or retransmit dropped PRACH. Whether indication to higher layer in case of PRACH drop is needed should be asked to RAN2. 
Proposal 3: Ask RAN2 whether indication of a PRACH drop due to power limited case is needed. 
2.2. Remaining issues on SRS
There are a few remaining issues related to SRS as the followings. 

· Handling of SRS if the requested power is not satisfied
· In Rel-11 with MTA, SRS in a power limited case is dropped if there is overlapped PUCCH/PUSCH with SRS. SRS will be power-scaled if there are only SRS transmissions. Given that the allocated power per CG changes per subframe depending on scheduling of the other CG and fluctuating power of SRS per subframe may degrade the system performance, our preference is to drop SRS if there is overlapped PUCCH/PUSCH in the same CG or the other CG in the power limited case. 

· How to compute the allocated power per CG
· In allocating remaining power across CG with various scenarios, clarification on power allocation is needed. In PCM1, the same principle from MTA can be reused where all the available power can be allocated towards SRS. There are two approaches under discussions – (1) in terms of power allocation, only consider overlapped transmissions (2) for power allocation, consider SRS as if PUCCH/PUSCH. The following illustrates two approaches. 
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As shown in the above diagram, approach 1 seems to allow fully utilizing the available power which is aligned with PCM1. If approach 2 is used, SRS for SCG will be dropped as it experiences power limited case which should not occur as the overall requested power is within UE’s maximum power. 

In PCM2, due to non-aligned timing between MCG and SCG, this approach may not be applicable. However, considering SRS for power allocation from the starting of subframe may lead underutilized power in case PSeNB + PMeNB < 100%. Thus, we think SRS does not need to be considered in the power allocation. Furthermore, if SRS power is added for power allocation as the following, if the PUSCH or PUCCH is shortened PUCCH/PUSCH, actually one CG may be allocated more power than the requested which seems to be inaccurate operation. 
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Considering the specification complexity and inefficiency, our preference is that power allocation per CG is determined only by PUCCH/PUSCH and the guaranteed power PxeNB in PCM2 and consider only overlapped transmissions in PCM1 similar to MTA. 

· How to handle SRS in case the requested power is not satisfied in PCM2

· Similar to PCM1, SRS with not sufficient power can be dropped. Further consideration to transmit SRS if the allocated power is equal to PxeNB can be considered. 
Proposal 4: In allocating/computing the remaining power in PCM1, consider only overlapped transmissions. 

Proposal 5: In allocating/computing the remaining power in PCM2, consider only PUCCH/PUSCH and the guaranteed power. 

Proposal 6:Apply the same handling for SRS with lower power allocated than the requested in PCM1 and PCM2. 
3. UE capability related issues

3.1. Concurrent TX/RX capability

In RAN1#78, the following is agreed regarding UE capability for supporting dual connectivity. 

	Agreements:
· UE with DC capability is able to transmit PUCCH/PUSCH simultaneously between MCG and SCG. 

· This should be a baseband capability implicitly tied to DC capability and may not need any separate baseband capability signaling

· Support of DC operation is independent from the Rel-10 capability “simultaneousPUCCH-PUSCH-r10”

· This does not mandate UE with DC capability should support Rel-10 capability “simultaneousPUCCH-PUSCH-r10”

· Rel-10 capability “simultaneous PUCCH-PUSCH-r10”  determines if the UE supports Rel-10 simultaneous PUCCH/PUSCH transmission functionality within a CG

· UE with DC capability is able to transmit PUCCH/PUCCH simultaneously between MCG and SCG. 

· This should be a baseband capability implicitly tied to DC capability and may not need any separate baseband capability signaling.

· A DC capable UE which indicates support of TDD and/or FDD PCell by Tdd-FDD-CA-PCellDuplex-r12 is support TDD pSCell and/or FDD pSCell within each CG


To support dual connectivity, in general, the following capabilities are expected. 

· Simultaneous PUCCH/PUSCH between MCG and SCG

· Simultaneous TX/RX between MCG and SCG

· Multiple TA configured for at least MCG and SCG

· Simultaneous PUCCH/PUCCH between MCG and SCG

According to the agreement, PUCCH/PUSCH between MCG and SCG are supported, however, it does not imply that a UE should support PUCCH/PUSCH simultaneous transmission within a CG. The capability remains as an optional capability within a CG. As it was agreed to reuse Rel-10 capability signaling on “simultaneous PUCCH-PUSCH-r10”, if a UE supports dual connectivity and simultaneous PUCCH-PUSCH-r10 is enabled, it could mean that a UE supports simultaneous PUCCH/PUSCH in each CG. Regarding simultaneous TX/RX, to support efficient dual connectivity operation where real-time scheduling between MCG and SCG is not assumed, simultaneous RX/TX between MCG and SCG may be necessary. However, similar to simultaneous PUCCH/PUSCH transmission capability, whether to support simultaneous TX/RX within a CG should be remained as an optional feature. However, for efficient dual connectivity operation, if a band-combination of two bands does not support simultaneous TX/RX, then two bands should not be configured in different CG respectively as it may require tight coordination between MCG/SCG if it is configured in different CG. In other words, within a CG, between any paired two CC, simultaneous TX/RX may not be required, however, across CGs, any paired two CC, simultaneous TX/RX may be supported. Capability signaling should be able to support this. One possible approach is to signal supportability of dual connectivity for only PCell and pSCell combination (i.e., two band-combinations only) where the network can configure multiple CCs (if necessary) within a CG based on capability signaling from the UE for CA band-combinations. 
Proposal 7: Simultaneous TX/RX between MCG and SCG is supported. Simultaneous TX/RX capability can be remained as an optional within a CG.

3.2. Capability regarding aperiodic CSI reporting 

Due to its processing burden, currently, the maximum aperiodic CSI reporting at one subframe is limited to maximum five (5). Thus, a UE cannot be configured with more than 5 aperiodic CSI reporting at one uplink subframe. In a dual connectivity, it is still desirable not to change the requirement, which can be coordinated between MeNB and SeNB. When a UE is triggered with more than the maximum reports, a UE may skip aperiodic CSI reporting. Clarification on aperiodic CSI reporting capability is necessary. 
Proposal 8: Clarify the maximum number of aperiodic CSI reports triggered in one subframe in dual connectivity. 
3.3. Overshooting issue
In [78bis-01], overshooting on DL-SCH and UL-SCH has been discussed mainly focused on how to capture the UE behavior in the specification. It was agreed that overshooting on DL-SCH and UL-SCH is allowed in [77-17] [1], and we consider at least overshooting on DL-SCH should be allowed to maximize the efficiency of downlink transmission. In terms of specification, as agreed, the prioritization can be left up to UE implementation, and specification should allow a UE to drop in case of overshooting. Our proposal is to capture the UE behavior in the specification upon overshooting occurrence. 
Proposal 9: Specify the following UE behavior. When a UE is configured with dual connectivity and if the total eNBs scheduling for DL-SCHs at a given TTI is larger than the defined processing capability, the prioritization between DL-SCHs is left up to UE implementation
3.4. Uplink antenna selection issue
Currently, uplink antenna selection if configured operates consistently for all uplink transmissions. If dual connectivity is configured, clarification on applying uplink antenna selection if configured is necessary. Possibly, the following options can be considered.

· Only one CG is allowed to configure antenna selection and the UE follows triggering from the CG which configures uplink antenna selection

· Uplink antenna selection is disabled in dual connectivity 

· Both CG may configure antenna selection independently, where a UE shall follow MCG in that case. 

Proposal 10: clarification on uplink antenna selection change is needed. 

4. Conclusions

This contribution discusses remaining issues for dual connectivity. The followings are the proposals. 

Proposal 1: Confirm the first working assumption with the following modification:

· If two PRACHs collide and the difference of the starting time of two PRACH transmissions is equal or less than [33us] or only one PRACH in a given subframe, and if the UE applies PCM1

· PCell PRACH > other PRACHs > other channels

Proposal 2: Confirm the second working assumption “For the case of retransmission of PRACH or UE-initiated PRACH, PCell PRACH > other PRACHs > other channels”. 

Proposal 3: Ask RAN2 whether indication of a PRACH drop due to power limited case is needed. 

Proposal 4: In allocating/computing the remaining power in PCM1, consider only overlapped transmissions. 

Proposal 5: In allocating/computing the remaining power in PCM2, consider only PUCCH/PUSCH and the guaranteed power. 

Proposal 6:Apply the same handling for SRS with lower power allocated than the requested in PCM1 and PCM2. 

Proposal 7: Simultaneous TX/RX between MCG and SCG is supported. Simultaneous TX/RX capability can be remained as an optional within a CG 

Proposal 8: Clarify the maximum number of aperiodic CSI reports triggered in one subframe in dual connectivity. 

Proposal 9: Specify the following UE behavior. When a UE is configured with dual connectivity and if the total eNBs scheduling for DL-SCHs at a given TTI is larger than the defined processing capability, the prioritization between DL-SCHs is left up to UE implementation
Proposal 10: clarification on uplink antenna selection change is needed. 
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