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1 Introduction
In RAN1#76, the following was agreed as working assumption:

	Working assumption:
· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 31.3 + X micro sec

· Note: The value X is up to RAN4 decision on the potential requirements of synchronization accuracy between MeNB and SeNB

· Dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB
· SFN-level alignment across MeNB and SeNB is up to RAN2 decision


 Also, in RAN1#76, the following was agreed for UCI transmission in dual connectivity:
	Agreements:
· At least following schemes are supported

· At least the following, uplink control information (UCI) related to the PDSCH/PUSCH operation in SCG is transmitted to the SeNB only

· HARQ-ACK for PDSCH of SCG cells

· Periodic and aperiodic CSI of SCG cells

· HARQ-ACK and CSI related to MCG is transmitted to the MeNB only

· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the pSCell:

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing



It is foreseen that most of the existing principles can be reused for dual connectivity per cell group. In particular within an SCG, the same principles can be applied by replacing pSCell (special SCell) into PCell. On the other hand, even after applying the existing principles, there would be cases which were not handled in Rel-11 specification. For instance, there might be simultaneous UL transmissions across cell groups. Also, there might be multiple PUCCH transmissions across the cell group, or PUCCH transmission in a cell group and PUSCH transmission with UCI in another cell group. In this contribution, we discuss some aspects which need to be addressed in the PHY layer to support dual connectivity, focusing especially on power limited UE.
2 UCI+Others from MCG and UCI+Others from SCG
 After applying Rel-11 power control or dropping rule per cell group, the following combinations which were not valid in Rel-11 may appear in MCG and SCG:
· PUCCH+others from MCG and PUCCH+others from SCG

· PUCCH+others from MCG and PUSCH.w.UCI+others from SCG

· PUSCH+others with UCI from MCG and PUCCH+others from SCG

· PUSCH.w.UCI+others from MCG and PUSCH.w.UCI+others from SCG

where ‘others’ can be PUSCH(s) and/or SRS(s).

It is noted that power scaling can be applied only on any overlapped region in the symbols. The following options can be considered for power limited UE:
Option 1) Equal power scaling not to exceed 
[image: image1.wmf]CMAX

P


One of the straightforward ways would be that equal power scaling is applied to all channels/signals after applying the Rel-11 power control rules or dropping rule per cell group such that the total transmission power does not exceed 
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. If a certain cell group needs to be prioritized, this can be facilitated by setting different 
[image: image3.wmf])

(

c

CMAX,

i

P

 thresholds for the different carriers. 
Option 2) Weighted power scaling while not exceeding 
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Weighted power scaling can be applied to the channels/signals after applying the Rel-11 power control rules or dropping rule per cell group such that the total transmission power does not exceed 
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. There could be several alternatives regarding prioritization rule:
· UCI type based:
· SR = HARQ-ACK > Aperiodic CSI > Periodic CSI

· The channel with de-prioritized UCI is either dropped or scaled down more in the overlapped region.

· If UCI types between cell groups are on the same priorities, equal power scaling can be applied.

· The priority for periodic CSI can be further given as: 
· 1st priority: Types 3,5,6,2a
· 2nd priority: Types 2,2b,2c,4
· 3rd priority: Types 1,1a
· RRC configuration based:
· The priorities or power scaling ratio can be configured by RRC signaling for each serving cell or each cell group.

· Cell group based:
· MCG can be prioritized over SCG considering that mobility is handled by MCG and SRB is transmitted by MCG [1].
· The channel with de-prioritized UCI is either dropped or scaled down more in the overlapped region.
Option 3) Undefined power scaling while not exceeding 
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Similar to Rel-11 for partial overlapping case, detailed power scaling is not specified after applying the Rel-11 power control rules or dropping rule for a UE configured with multiple TAGs per cell group. The transmit power is adjusted on the channels so that the total transmit power does not exceed 
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 on the overlapped region.
3 Other combinations 
For other combinations than those described in Section 2, the same/similar approaches as in Rel-11 with multiple TAGs can be directly applied. Table 1 shows the existing principles for UL channel combinations with multiple TAGs.
Table 1 UL channel combinations with multiple TAGs
	Channel 1
	Channel 2
	Partial overlap
	Full overlap

	PCell PRACH
	SRS (SCell)
	Drop SRS

	SCell PRACH
	SRS (PCell, SCell)
	Drop SRS

	
	PUCCH/PUSCH
	  It is a requirement that the PRACH preamble power is constant for the duration of the preamble (RAN1 #68).
  PRACH is prioritized over PUCCH/PUSCH according to a suitable definition of Pcmax. Power scaling is used for PUCCH/PUSCH to ensure Pcmax is not exceeded in the overlapped region. 

	SRS
	PUSCH/PUCCH
	Drop SRS

	
	SRS 
	Equal scaling such that Pcmax is not exceeded

	
	SRS + PUSCH/PUCCH in 2 or more TAGs  
	Drop SRS

	PUSCH
	PUSCH 
	  Power scaling ensures Pcmax is not exceeded in the overlapped region. 
	Rel-10 equal power scaling

	PUCCH on PCell
	PUSCH on SCell
	  Power scaling ensures Pcmax is not exceeded in the overlapped region. 
	Rel-10 equal power scaling



For simplicity, it is assumed that the existing power control rules or dropping rule were applied per cell group.

3.1 PRACH + PRACH
There is a slight difference regarding the UL combinations between dual connectivity and multiple TA: Only the RACH procedure by PDCCH order is supported for a SCell with multiple TA, while both contention-based and PDCCH order based RACH procedures are supported in SCG for dual connectivity. 
As seen in Table 1, in RAN1#68 it was agreed for multiple TA that the PRACH preamble power is constant for the duration of the preamble. If the power fluctuates due to power scaling, the orthogonality of the cyclic shifts will be destroyed. Therefore, the constant power of the PRACH preamble also needs to be ensured in dual connectivity. On the other hand, the main use case of the contention-based RACH procedure in a special SCell in an SCG would be SR which might not be frequent. Therefore, we can follow the similar principle to that defined in Rel-11 specification; it is up to the UE implementation which random access procedure continues.

3.2 PRACH + SRS
It is straightforward to use the same principle as Rel-11; SRS is dropped.
3.3 PRACH + PUCCH/PUSCH

As discussed in Section 3.1, the constant power of the PRACH preamble transmission needs to be ensured. By adopting a similar principle, PRACH is prioritized over PUCCH/PUSCH according to a suitable definition of Pcmax. Power scaling is used for PUCCH/PUSCH to ensure that Pcmax is not exceeded in the overlapped region.
3.4 SRS + PUCCH/PUSCH, SRS + PUSCH/PUCCH in 2 or more CGs

From Table 1, SRS can be dropped for all these cases.
3.5 SRS + SRS

Equal power scaling is applied in the overlapped region to ensure that Pcmax is not exceeded.
3.6 PUSCH + PUSCH, PUCCH + PUSCH

The transmit power is adjusted on the channels so that the total transmit power does not exceed 
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 on the overlapped region.
4 Conclusion 
 This contribution discusses some aspects which need to be addressed in the PHY layer regarding dual connectivity, particularly for the power limited case. We provide the possible options when both MCG and SCG transmit UCI (PUCCH or PUSCH with UCI) which were not valid until Rel-11 due to the constraint of PUCCH transmission on PCell only. We also provide possible ways to scale or drop the channel by applying similar principles to those in multiple TA. RAN1 is kindly asked to discuss the solutions of this contribution for potential selection for power limited UE in dual connectivity.
References
[1] 3GPP TR36.842, Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects
PAGE  
1/5

_1350239010.unknown

_1402488199.unknown

