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1
Introduction
After the agreements made in RAN1#77 meeting and in the email discussions after the meeting, there are still several RAN1 issues that need to be discussed and agreed. In order to support random access in SeNB, monitoring of common search space in the SeNB should be supported. PUCCH transmission in the SeNB requires small changes to the specification of PUCCH PC. Some details of power headroom reporting are still open in RAN1. In the RAN1#76 meeting RAN1 decided to continue discussion on whether or not and how UE should support parallel PRACH transmission in the power limited case. Also several aspects of UL PC are still open and need to be decided. In this contribution we discuss about these open issues that need to be finalized in RAN1.
2
Common search space monitoring in the SeNB
As RAN2 agreed to support contention-based random access in the SeNB, it is implied that the UE will need to monitor common search space for the random access response also in the SeNB. This obviously increases the required number of blind decoding attempts slightly. From UE processing perspective this is not expected to be a big problem considering that the number of blind decoding attempts has been kept at similar level since Release 8. Another issue related to increasing the number of blind decoding attempts has typically been the increased number of false positive CRC checks, leading to erroneous PUCCH or PUSCH transmissions in uplink and hence to interference to normal uplink transmissions within the cell. However, as the number of UEs connected to the SeNB cells is expected to be small, this should not be a major issue. It is also noted that the number of false positives within one carrier is the same for dual connectivity UEs as it is for legacy UEs, thus also from this perspective this should not be considered to be any problem.

Besides of random access related RNTIs (RA-RNTI, temporary C-RNTI) it should be discussed which other RNTIs need to be supported in the CSS of the pSCell. Voice transmissions are possible also in the SeNB, so support for SPS-RNTI and TPC-PUCCH-RNTI/ TPC-PUSCH-RNTI is probably useful in some cases and also it is reasonable to support eIMTA feature together with dual connectivity so eIMTA-RNTI should be supported. Whether some other RNTIs should be supported in the CSS of the pSCell could be discussed in RAN2. RAN1 could send LS to RAN2 about the (possible) RAN1 agreements on common search space monitoring on SeNB.
Proposal 1: UE shall monitor common search space also on the pSCell at least for random access response and UL-DL reconfiguration signalling (if eIMTA is used). Also voice transmission related control signalling should be supported in the SeNB.
3
PUCCH PC in the SeNB

In the LTE releases 8 – 11 PUCCH is always sent on the PCell, but in the case of dual connectivity this is not possible anymore. Backhaul delays do not enable the operation where for example ACK/NACKs related to DL transmission from the SCell of SeNB would be transmitted in the PCell and then routed to the SeNB SCell via backhaul.

In dual connectivity it is necessary to specify both PCell PUCCH transmitted to the MeNB and SeNB PUCCH transmitted to the SeNB. In the RAN1#76bis meeting it was agreed that in the SCG, PUCCH is transmitted in the pSCell (primary SCell). The pSCell PUCCH is received at a different reception point than the PCell PUCCH and UCI in the pSCell PUCCH is related to DL transmissions in the SeNB, so it is clear that power control parameters and closed loop TPC commands of the pSCell PUCCH need to be configured independently from PCell PUCCH. In the current specification pathloss value in the PUCCH PC formula is based on RSRP measurement in the PCell, but in the SeNB RSRP of the pSCell should be used. We have the following proposals: 

Proposal 2: Alpha and Po values in the pSCell PUCCH PC formula are configured independently from the values used in PCell. 

Proposal 3: Pathloss value in the pSCell PUCCH PC formula is based on RSRP in the pSCell.
4
Power headroom reporting
The following decisions were made in the RAN1#77 meeting:
Agreements:
· For the PHR of the activated cells belonging to another CG/eNB,
· UE is configured using higher layer signaling to report one of the followings
· Always virtual PH
· Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH
In the email discussion after the RAN1#77 meeting [2] the following decisions could be made:

Agreement:

· Type 2 PHR for PCell and pSCell whichever belongs to the other CG/eNB is always reported in dual connectivity.

· Send an LS to RAN2 to ask to define corresponding PHR MAC CE.

· New PHR trigger is up to RAN2.

· Working assumptions:

· No additional PH calculation equation other than those in Rel.11 is introduced.

· FFS if PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

· FFS using real PCMAX,c in PH calculation in case that it is available.

· PHR is not averaged over multiple subframes before reported.

· PHR reporting behavior for the serving cells in the scheduling eNB remains the same as in Rel.11.

· FFS: For asyn case, PHR is calculated using the first overlapped portion.

In addition it was found that the following issues require further study;
· Whether or not per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.
In order to clarify PH reporting in different cases, tables were created during the email discussion. Below are the tables with small clarifications (green text):
	
	PH calculation for serving cells belonging to MCG/MeNB
	PH calculation for serving cells belonging to SCG/SeNB

	PHR sent to MeNB
	· Rel.11 PHR procedures apply

· If simultaneous PUSCH/PUCCH transmission is configured within the CG, then type 2 PHR is configured for PCell
	· Type 1 and 2 PHs of pSCell are always reported

· Type 1 PHs of other cells than pSCell of SCG are included in the PHR

· Type 1 PH is computed using Rel.11 equation for which the UE does not transmit PUSCH for serving cell

· Type 2 PH is computed using Rel.11 equation for which the UE does not transmit PUCCH or PUSCH for the serving cell (i.e. pSCell)

	PHR sent to SeNB
	· Type 1 and 2 PHs of PCell are always reported

· Type 1 PHs of other cells than PCell of MCG are included in the PHR

· Type 1 PH is computed using Rel.11 equation for which the UE does not transmit PUSCH for the serving cell

· Type 2 PH is computed using Rel.11 equation for which the UE does not transmit PUCCH or PUSCH for the serving cell (i.e. PCell)
	· Rel.11 PHR procedures apply

· If simultaneous PUSCH/PUCCH transmission is configured within the CG, then type 2 PHR is configured for pSCell


Table 1: PH reporting when ”always virtulal PH” is configured
	
	PH calculation for serving cells belonging to MCG/MeNB
	PH calculation for serving cells belonging to SCG/SeNB

	PHR sent to MeNB
	· Rel.11 PHR procedures apply

· If simultaneous PUSCH/PUCCH transmission is configured within the CG, then type 2 PHR is configured for PCell
	· Type 1 and 2 PHs of pSCell are always reported

· Type 1 PHs of other cells than pSCell of SCG are included in the PHR

· Rel.11 PHR procedures apply

	PHR sent to SeNB
	· Type 1 and 2 PHs of PCell are always reported

· Type 1 PHs of other cells than PCell of MCG are included in the PHR

· Rel.11 PHR procedures apply
	· Rel.11 PHR procedures apply

· If simultaneous PUSCH/PUCCH transmission is configured within the CG, then type 2 PHR is configured for pSCell


Table 2: PH reporting when ”always virtual PH” is not configured
We propose that the tables above are confirmed to be the intended power headroom reporting operation in dual connectivity. As is mentioned in the tables Rel. 11 PHR procedures are applied. This means that Rel. 11 PH equations are reused and no new equations are defined. Also Rel. 11 procedure means that per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.
Typical scenario for dual connectivity is such that PCell and pSCell are at the different frequency bands. It should be noted that for uplink inter-band carrier aggregation, MPRc and A-MPRc apply per serving cell c. So in inter-band case  PCMAX,c is defined independently on different carriers. In that regard including real PCMAX,c in the PHR, whenever it is available, could provide some additional information. On the other hand two modes for PH reporting are now agreed and if real PCMAX,c is consider to be useful “actual when available” mode can be used. Regarding reporting of PCMAX we think that the benefit is not so clear compared CA where reporting of PCMAX would be more justified.

Regarding the question about which subframe is used for PH calculation, when the subframes are not aligned, our view is that in the synchronous case when subfrme boundaries are close enough reporting should be done for the same subframe (not for partial overlap). In the asynchronous case UE could decide which of the overlapping parts is used for PHR calculation.
Proposal 4: Tables 1 and 2 are agreed. Regarding open issues our views are the following:
· Whether or not PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.
· PCMAX is not introduced
· Whether or not real PCMAX,c in PH calculation is used in case that it is available.
· PCMAX,c reporting is done in the same way as in Rel. 11. If “always virtual PH” is configured or PH reporting is virtual in the case that “actual when available” is configured, UE does not include PCMAX,c in the report.  
· Whether or not the PHR is calculated using the first overlapped portion in async case.
· UE could decide which of the overlapping portions is used for PH calculation

· Whether or not per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.
· Per-CC PHR is computed before per-CC power scaling as in Rel. 8-11.

5
Parallel preamble transmissions
In the last meeting it was agreed that PRACH to the PCell has the highest priority when UL power is allocated to different channels/signals. In earlier releases, UE does not support parallel RACH procedures. We assume that the same applies within a cell group, i.e., within one cell group only one RACH procedure is supported at a time. Following from that we propose that PRACH to (any) MCG cell has higher priority than PRACH to (any) SCG cell. Parallel PRACH preamble transmissions in power limited case were left FFS in the RAN1#76 meeting [1]. The power of the preamble should not be scaled since it disturbs the MAC controlled power ramping. Therefore, it may be better to either drop or postpone the transmission of one of the overlapping preambles, but postponing can only be controlled by MAC. In order to guarantee PCell operation, we propose to drop/postpone (by MAC) lower priority preamble transmissions towards SCG.

Proposal 5: Send LS to RAN2 telling that simultaneous parallel PRACH preamble transmissions should not be supported in power limited case. Instead, PRACH preamble transmission towards SCG should be dropped or postponed.

6
Final details of UL power allocation

In the last meeting the following agreements were made:

Agreements
· In both synchronous and asynchronous cases, at least for PUCCH/PUSCH
· Minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured
· P_SeNB >=0, P_MeNB >=0
· FFS: P_SeNB+P_MeNB <= PCmax
· FFS: P_SeNB+P_MeNB <= 100%
· The total power allocation per CG Palloc_xeNB can be determined by 
· (1) Power allocation up to P_SeNB and P_MeNB (i.e. Ppre_SeNB and Ppre_MeNB) 
· At first, UE needs to allocate power per each eNB up to P_SeNB or P_MeNB (if configured) respectively regardless of priority rule if transmission is scheduled
· Ppre_xeNB = min {power based on actual grant/assignment and TPC commands, P_xeNB}
· (2) Plus allocation of remaining power
Agreements
· In both synchronous and asynchronous cases:

· If look-ahead is supported or in synchronous case
· All the remaining power can be used
· For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB
· FFS on details
· Giving all the remaining power to a CG is not precluded
· If look-ahead is not assumed: 
· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission
· If the UE knows it does not have transmission in the other CG in overlapped subframes based on at least semi-static information (e.g., TDD UL/DL config.), UE does not reserve the power for that CG
· For the remaining power, earlier transmission is higher priority
· FFS on whether there will be two types of UE behavior (supporting look-ahead and not supporting look-ahead) or there will be only one type of UE behavior
· Confirm WA with clarification: 
· Power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted)
· Within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types
· PRACH to PCell has the highest priority; 
· RAN1 perspective, differentiation between PUSCH with SRB and PUSCH without SRB is not assumed

In the email discussion after the meeting [3] the following agreements were made:

Working assumption:
· The remaining power can be allocated to both eNBs according to priority rule.

Agreements:

· A unified design/common framework for both synchronous case and asynchronous case if look-ahead is supported.

· Simultaneous PUSCH/PUCCH transmission can be independently configured per CG. 

· RAN4 should confirm whether independent PUSCH/PUCCH simultaneous transmission per CG can be supported.
Conclusions:

· Continue discussion on priority rule details in RAN1#78
We think that it is very difficult for eNB to utilize the remaining power that would exceed the allocations defined by P_MeNB and P_SeNB. Typically eNB would send UL grants that result in UL transmission with a power less than P_XeNB. We think that the simplest way to conclude UL power control in dual connectivity is to continue from the point “Giving all the remaining power to a CG is not precluded” and then decide that remaining power is always allocated to MCG. Also it could be decided that when UE is not power limited (i.e. when power based on actual grants/assignments and TPC commands from both eNBs is below Pcmax) P_MeNB and P_SeNB power allocation limits are not taken into account in the UE. In case of power limitation they are taken into account and power is scaled down to P_MeNB at MCG and to P_SeNB at SCG using Rel. 11 rules. Another approach for handling of the remaining power is to define priority across UCI types across CGs. This can be done e.g. by defining priority order as 1. PUCCH to MeNB 2. PUCCH to SeNB, 3. PUSCH with UCI to MeNB, 4. PUSCH with UCI to SeNB, 5. PUSCH to MeNB, 6. PUSCH to SeNB but it results complicated specification and complicated UE implementation without any clear benefits.
Regarding “look-ahead” aspect our view is that synchronous network is the main deployment scenario. UE behaviour according to current multiple TA operation can then be assumed in the handling of short partial overlaps of subframes in different cells. For asynchronous networks we propose to specify that UE does not have to support “look-ahead”.

One more issue that is still open is range and resolution of P_MeNB and P_SeNB. Working assumption is that P_MeNB and P_SeNB are defined as ratios of Pcmax [4]. In typical case MeNB is a macro eNB and SeNB is a small cell. In this case DL coverage area of MeNB is larger than that of SeNB. However, the UL coverage area of MeNB and SeNB are similar, as the UL coverage primarily depends on the UL power and the eNB sensitivity. Means to balance UL coverage between MeNB and SeNB to achieve sufficient UL coverage of the MeNB without a bottleneck should be considered. This can be achieved if the difference in UL transmit power levels is equal to the difference in DL transmit power levels of MeNB and SeNB. One way to do is to define offset between P_MeNB and P_SeNB. In the table 3 we propose how the P_MeNB and P_SeNB can be defined via an offset value. In this table we assume that Pcmax is 23 dBm and it is fully divided between P_MeNB and P_SeNB. In addition to offset value there could be a scaling factor for Pcmax that defines how much power is used by P_MenB and P_SeNB and how much power is left for the remaining power. If the case that MeNB is a small cell and SeNB is a macro cell needs to be supported then the table 3 should be extended to cover also that case.
	Offset (dB)
	Guaranteed  Tx power (dBm)
	Guaranteed  Tx power (mW)
	Percentage of Pcmax

	
	P_MeNB
	P_SeNB
	P_MeNB
	P_SeNB
	P_MeNB
	P_SeNB

	0
	20,0
	20,0
	100
	100
	50
	50

	1
	20,5
	19,5
	111
	89
	55
	45

	2
	20,9
	18,9
	123
	77
	62
	38

	3
	21,2
	18,2
	133
	67
	66
	34

	4
	21,6
	17,6
	143
	57
	72
	28

	6
	22,0
	16,0
	160
	40
	80
	20

	10
	22,6
	12,6
	182
	18
	91
	9

	
	23
	-
	200
	0
	100
	0


Table 3: Range and resolution of P_MeNB and P_SeNB
Proposal 6: The handling of remaining power, which is not allocated by P_MeNB and P_SeNB, should be kept simple. We propose that the remaining power is allocated to MCG.
Proposal 7: In the synchronous network deployment UE behavior in power limitation during partial overlap periods is the same as in Rel. 11 multiple TA case. For asynchronous network deployments we propose that UE does not have to support “look-ahead” operation.
Proposal 8: Range and resolution of P_MeNB and P_SeNB can be specified by using an offset value as in table 3. In addition scaling factor to split Pcmax to P_MeNB and P_SeNB and to remaining power could be used.
7
Conclusions
In this contribution we have discussed open RAN1 issues related to dual connectivity. Our proposals are as follows:
Proposal 1: UE shall monitor common search space also on the pSCell at least for random access response and UL-DL reconfiguration signalling (if eIMTA is used). Also voice transmission related control signalling should be supported in the SeNB.
Proposal 2: Alpha and Po values in the pSCell PUCCH PC formula are configured independently from the values used in PCell. 

Proposal 3: Pathloss value in the pSCell PUCCH PC formula is based on RSRP in the pSCell.
Proposal 4: Tables 1 and 2 are agreed. Regarding open issues our views are the following:

· Whether or not PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.
· PCMAX is not introduced
· Whether or not real PCMAX,c in PH calculation is used in case that it is available.
· PCMAX,c reporting is done in the same way as in Rel. 11. If “always virtual PH” is configured or PH reporting is virtual in the case that “actual when available” is configured, UE does not include PCMAX,c in the report.  
· Whether or not the PHR is calculated using the first overlapped portion in async case.
· UE could decide which of the overlapping portions is used for PH calculation

· Whether or not per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.
· Per-CC PHR is computed before per-CC power scaling as in Rel. 8-11.
Proposal 5: Send LS to RAN2 telling that simultaneous parallel PRACH preamble transmissions should not be supported in power limited case. Instead, PRACH preamble transmission towards SCG should be dropped or postponed.

Proposal 6: The handling of remaining power, which is not allocated by P_MeNB and P_SeNB, should be kept simple. We propose that the remaining power is allocated to MCG.

Proposal 7: In the synchronous network deployment UE behavior in power limitation during partial overlap periods is the same as in Rel. 11 multiple TA case. For asynchronous network deployments we propose that UE does not have to support “look-ahead” operation.
Proposal 8: Range and resolution of P_MeNB and P_SeNB can be specified by using an offset value as in table 3. In addition scaling factor to split Pcmax to P_MeNB and P_SeNB and to remaining power could be used.
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