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1. Introduction
In RAN1#78, following agreements were made [1].

	Agreements:

· At least for PUCCH and PUSCH, for asynchronous dual-connectivity,

· All remaining power is first made available to CG associate with earlier transmission

· No-Look-ahead (for the case that transmission timing difference is larger than around 33 micro sec) is specified as the UE behavior

· Definition of synchronous and asynchronous dual-connectivity is according to RAN4

· Timing relationship in any TA groups should be clarified in RAN4

· FFS: For asynchronous dual connectivity with the case that transmission timing difference is very small (e.g., around 33 micro sec)
Agreements:

· At least for PUCCH/PUSCH, remaining power is allocated on a per-transmission basis

·  When UE apply priority rule for PUCCH/PUSCH across CGs, the priority rule for PUCCH/PUSCH across CGs to utilize remaining power is as the followings

· HARQ-ACK = SR > CSI > PUSCH without UCI 

· FFS: Priority between periodic and aperiodic CSI

· If a channel has more than one type of UCI, the prioritization across CG is based on the highest priority UCI type

· The same UCI type collides, MCG gets higher priority over SCG

· FFS whether priority rule based on channel type is considered

· If considered, the same UCI type collides, channel type of PUCCH gets higher priority over PUSCH

· If considered, the same UCI type with same channel type collides, MCG gets higher priority over SCG

· FFS: For asynchronous case with the case that transmission timing difference is very small (e.g., around 33 micro sec), the priority rule for PUCCH/PUSCH across CGs to utilize remaining power

· FFS: UE can drop PUSCH and piggy back the multiplexed HARQ-ACK onto PUCCH in power limited case

· FFS: How/whether to ensure eNB and UE have the same understanding of synchronous case

Regarding synchronous and asynchronous case clarification:

· Option 1. Network signal

· Network can signal whether the scenario is synchronized

· In synchronous case, UE applies priority rule based on UCI type

· In asynchronous case,

· Option A. UE always prioritize CG associated with earlier transmission

· Option B. UE applies priority rule based on UCI type if transmission timing difference is less than [33us], otherwise, UE prioritizes CG associated with earlier transmission

· Option 1-B-1: UE signals which priority rule is used

· Option 1-B-2: UE does not signal which priority rule is used

· Option 2. UE based solution

· UE applies priority rule based on UCI type if transmission timing difference is less than [33us], otherwise, UE prioritizes CG associated with earlier transmission. 

· Option 2-1: UE signals which priority rule is used 

· Option 2-2: UE does not signal which priority rule is used

· Option 3. UE based solution

· If UE can determine synchronous case, UE applies priority rule based on UCI type

· FFS how to determine synchronous case

· In asynchronous case,

· UE always prioritize CG associated with earlier transmission

Email discussion until 9/15 to achieve a down selection among above options – Yunjung (LG)


In this document, the summary on email discussion [78-08] aiming down selection for UE and network behavior for synchronous and asynchronous cases among identified options is captured.
2. Discussion
The motivation of this email is to clarify the condition when priority rule based on UCI type can be applied for the remaining power and when priority rule based on earlier transmission timing can be applied for the remaining power. Also, the mechanism of determining the remaining power can be different based on the priority rule applied. Currently, RAN4 [2] defines the synchronous case as the following. 
For synchronized dual connectivity operation, the maximum receive timing difference (Δt) between signals from PCell and pSCell is assumed to be 33µs at the UE. This Δt includes:

· The maximum relative propagation time difference of 30 µs between PCell and pSCell for inter-band non-collocated scenario, and

· The maximum transmit timing misalignment of 3µs between Pcell and pSCell.

· This is not a network-wide synchronization assumption.

RAN4 LS[2] talks the downlink timing difference between Pcell and pSCell. Note that the relation to SCells are not described and these needs to clarified by RAN4. This implies that from the network perspective, the distance between MeNB and SeNB is bounded (such as 10km) to limit the maximum relative propagation time difference and MeNB and SeNB are synchronized (with error <=3us). For the discussion, we consider this case as “MeNB and SeNB consider itself as a synchronized scenario”. If any of two conditions or both conditions are not satisfied, then it is referred as “MeNB and SeNB considere itself as a asynchronized scenario”. 

Since downlink reception timing difference is equal to or less than 33us at the UE, the expected uplink timing difference between PCell and pSCell would be bounded as well. Although what is allowed uplink timing difference for MTA like operation needs to be determined, in this email discussion, it is described as [33us]. In this case, similar mechanisms used in CA can be applicable including multiple TA techniques in the small overlap portion to guarantee that a UE should not exceed PCmax in any time. 
For the further discussions, we describe the following cases to cover both synchronous and asynchronous cases.

· Case 1: MeNB and SeNB consider itself as a synchronized case and the maximum received timing different between signals from PCell and pSCell is equal to or less than 33us  and the maximum uplink timing difference between signals to PCell and pSCell is equal to or less than [33us]. 
· Case2: MeNB and SeNB consider itself as a asynchronized case and the maximum uplink timing difference between signals to PCell and pSCell is larger than [33us].

· Case3: MeNB and SeNB consider itself as a synchronized case and the maximum uplink timing difference between signals to PCell and pSCell is larger than [33us].

· Case4: MeNB and SeNB consider itself as a asynchronized case and the maximum uplink timing difference between signals to PCell and pSCell is equal to or less than [33us].

Note that Case2/3/4 can include both conditions: the maximum received timing difference between signals from PCell and pSCell is equal to or less than 33us and the maximum received timing difference between signals from PCell and pSCell is larger than 33us

So far, we made agreements in RAN1#77 and RAN1#78 as the following regarding priority rules for those cases. 

Agreements in RAN1#77

· 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
Agreements in RAN1#78:

· At least for PUCCH and PUSCH, for asynchronous dual-connectivity,
· All remaining power is first made available to CG associate with earlier transmission

· No-Look-ahead (for the case that transmission timing difference is larger than around 33 micro sec) is specified as the UE behavior

For the discussion, we call DC power control mode 1 to capture the UE behavior as the following

· All the remaining power can be shared. 
· Priority is determined based on UCI type across CG for the remaining power
We also call DC power control mode 2 to capture the UE behavior as the following:-

· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission. 
· All remaining power is first made available to CG associate with earlier transmission.
Based on the agreements and the above observation, it can be understood that the following has been agreed. 
· For Case 1, DC power control mode 1 is applied.
· For Case 2, DC power control mode 2 is applied.
Case 3 has some similarity to the situation that MTA can be applied but uplink TA difference exceeds the maximum value (such as 32.47 usec). For MTA case, the following agreements were made in RAN2 and RAN4 respectively.  
According to RAN2#78 discussion, LS R2-123140 was agreed. The conclusion as written below is it is managed by deployment.  

- We do not specify the UE behaviour for the case that the maximum time difference of 31.3 µs  among its monitored cells (in accordance with RAN4 agreements)is exceeded, RAN2 assumed that the NW can usually take care e.g. by deployments.
According to R4-145399/RP-141531, the following was captured. 

· A UE configured with pTAG and sTAG may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle  as specified above
For a UE supporting only synchronous scenario, the similar solution as in MTA may be applicable. For the discussion, it is assumed that a UE can support both synchronous and asynchronous scenarios.  Since the approach of handling Case 3 has some dependency on handling of Case 4, we first discuss Case 4. 
With this understanding, this discussion focuses on Case 4 first. 
To determine which DC power control mode (mode 1 or 2) is applied for case 4, the following questions 1-5 may need to be clarified. 

Question 1. Is there any necessity to ensure that eNB and UE have the same understanding on which DC power control mode is being currently used? What would be the potential consequences if misalignment occurs?
	Company name
	Views

	NTT DOCOMO
	We think the additional mechanism to align the UE and eNB understanding is not needed since the misalignment would not be a critical problem for DC operation.

For the case 3, misalignment would be such that the UE applies DC power control mode 2, while the eNBs consider that the UE applies DC power control mode 1. Since DC power control mode 1 is superior to mode 2 in terms of power utilization and power-limited handling for the remaining power, the consequence is that the eNBs may overestimate UE’s power control ability. UE cannot perform power control as eNBs expected and hence, UL performance degradation may be resulted. However, we wonder if such case needs to be taken into account, since we think that the operator should ensure the DC operation for synchronized scenario is not applied in the area with a large propagation distance difference (e.g., 9km). Furthermore, Case 3 may imply that eNBs may configure dual connectivity for a UE with UL timing difference larger than [33us] whose capability is “synchronous DC” only since the eNBs do not know that UE may experience UL timing difference larger than [33us] in its network. It would be unrealistic to assume that case 3 is an operational scenario. 
For the case 4, misalignment would be such that the UE applies DC power control mode 1, while the eNBs consider that the UE applies DC power control mode 2. Due to the same reason above, the consequence is that the eNBs may underestimate UE’s power control ability. For the remaining power, UE can prioritize the transmission based on the UCI type while eNBs do not know that the UE can do it. For the guaranteed power, UE can actually utilize all the power while eNBs assume that the maximum transmit power for a CG may be limited by the guaranteed power for the other CG if there is a potential uplink transmission. Such underestimation at the eNB side is not harmful for power control of dual connectivity.

	LG
	We do not see a major issue with misalignment for both Case 3 and 4. Case 3, should be avoided by the network deployment as much as possible, and if occurred, it can be treated as if async case. Based on the network deployment, the network should also have some ideas whether Case 3 may occur or not. Regardless of that, the probability of Case 3 is low. For Case 4, it is possible that the network assumes that the UE applies DC power control mode 2 whereas the UE may apply DC power control mode 1. Since the network may not know the timing relationship between MeNB and SeNB nor the scheduling information of the other eNB, which mode is used may not change the power control from the network perspective significantly. Considering Case 4 is happening very often, we do not think additional procedure to handle the inconsistency is needed. By utilizing DC power control mode 1 for Case 4 allows the following benefits:

· From a UE side, it can send more important UL channel/data with higher priority/power
· From a UE side, consistent behaviour for power control can be achieved based on transmission timing difference

	Ericsson
	YES, eNB and UE should have the same understanding on which DC power control mode is being currently used. With a given network deployment, it is possible that some UEs in the cell may experience max UL timing difference to PCell and pSCell less than [33 us], while some may experience max UL timing difference more than [33 us]. The network cannot know exactly what UL timing difference a particular UE observe at a particular subframe, and how it may change from subframe to subframe. Note that (a) there is no way to tell which UEs are the special-case UEs; (b) only the special-case UEs experience Case 3 and Case 4, and likely temporarily. For simplicity the synchronized network would assume all UE are in Case 1 and use power control mode 1; the unsynchronized network would assume all UEs are in Case 2 and use power control mode 2. It is simple that signalling between eNB and UE is provided to ensure common understanding between network and UE. If common understanding is not ensured, the UE power control mode can change unpredictably as a function of UE location, UE mobility, etc. It is not justified to introduce complicated procedure at both UE and eNB without any benefit.

	ALU, ASB
	Yes, it is necessary to ensure that the eNB and the UE have the same understanding. The two power control modes are very different in terms of power sharing capability. Naturally the eNB would determine the power control parameters (P_MeNB and P_SeNB) and perform the scheduling taking into account the power control mode that is used by the UE. If the eNB does not know the power control mode, the eNB would have to assume the worse case, i.e., power control mode 2, which defeats the purpose of defining two power control modes to a large extent.

	CATT
	We do not expect the eNB scheduling and configuration of power control parameters would change significantly due to different DC power control modes given the fact the eNB does not know the scheduling information of the other eNB. Therefore, we do not think it necessary to ensure that eNB and UE have the same understanding on which DC power control mode is being currently used.  

	Huawei, HiSilicon
	At least for case 4, the different understanding of DC power control assumptions does not cause observable impact at eNB side. In case 4, UE could reuse the same scheme as Rel-11 MTA behaviour as mode 1, mode 1 is beneficial over mode 2 by using actual UL channel priority.

For DC power control mode 2, the feasibility of using mode2 with small UL transmission timing difference is questionable. We provide some analysis as following,

According to Rel-11discussion, the MTA solution can support up to 32.47us UL time difference. Since there is no consensus on acceptable UE processing time reduction during look-ahead discussion, we assume 32.47us is the maximum margin for UE process time, i.e. UE can delay the processing for at most 32.47us, or complete the processing in advance for at most 32.47us.
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From attached figure 1, we gave a more relaxed assumption that part of the processing can be carried in parallel, i.e. T1. Even with such assumption, we can find that 

· if UE required RF preparation time and power scaling time T2< (UL transmission time difference + UE process time margin), the DC power control mode 2 is applicable for UE

·  if UE required RF preparation time and power scaling time  T2 > (UL transmission time difference + UE process time margin), the DC power control mode 2 is not applicable for UE 

, because the later transmitted eNB’s power scaling calculation cannot get the input from early transmitted eNB’s power allocation result in time. 

If UL transmission time difference is very small (one extreme case is 0us), mode 2 is only feasible when T2 is less than 32.47us, and otherwise mode 2 is not feasible. 
However, the length of T2 (power scaling and RF preparation time) depends on the UE implementation, and it is not proper to claim such assumption that T2 is less than 32.47us in standard. 

Therefore, if the UL time difference is less than [33 us], i.e., case 1 and case 4, the reasonable method is using DC power control mode 2.



	Nokia Networks, Nokia Corporation
	If network assumes that DC PC mode 1 is used while UE is actually using mode 2 then scheduling would not efficient because eNB would overestimate UE’s capabilities. 

UE should use DC PC mode 1 only if transmission timing difference is less than [33us] so that the length of partial overlap of subframes in different TAGs is not larger than [33us]. If network signalling is used to select DC PC mode then it is responsibility of the network to adjust timing advance of the UEs so that in the synchronous network UE tx timing difference is less than [33us]. If UE autonomously decides the DC PC mode then some kind of test may be needed to ensure that UE does not use DC PC mode 1, when tx timing difference is larger than [33us].

	InterDigital
	Yes, the network and UE should have the same understanding of the DC PC mode.
If the network assumes DC PC mode 1, but the UE uses DC PC mode 2, the power utilization of the UE will be worse than expected. If the network is cannot be sure that DC PC mode 1 will effectively be used, it will have to use more conservative scheduling for all UE’s. This would reduce the performance benefit of DC PC mode 1 for all UE’s.

	Samsung
	The network and UE should have the same understanding of the PC mode. The scheduling strategy as well as the values of P_MeNB and P_SeNB can depend in practice on the PC mode. This will be detrimental to cell spectral efficiency and can affect scheduling of all UEs. 

	Sharp
	We don't see the need to introduce any special mechanism to avoid misalignment between UEs and eNBs, as we consider this case to be very unlikely.

There could be a conflict when the network thinks that the UE is following a synchronous behaviour when in reality the UE is following an asynchronous behaviour (case 3), but we don't think this is a relevant case for dual connectivity. This kind of misalignment can occur when the distance between the MeNB and the SeNB is around 9 or 10 km (e.g. a rural setting), which doesn't seem a scenario in which to apply dual connectivity. For the main use cases of dual connectivity we think that the likelihood of a UE mis-detecting the level of synchronicity is very low.
Furthermore, it is not necessary to maintain a common understanding between eNB and UE on the synchronization. In power limited case, the eNB may not expect to receive all channels with requested/scheduled power anyway. The extra knowledge (understanding of synchronous or asynchronous state) does not provide useful information to the eNB.  From the UE’s perspective, the configuration of MeNB and SeNB should guarantee that the most important channel is prioritized and transmitted.

	Intel
	Yes. We think it is needed to maximize the UE power utilization and facilitate power control operation at eNB side. 

	Panasonic
	If network thinks DC PC mode 2 and if UE is DC PC mode 1, the Tx power of DC PC mode 1 can be sometimes larger than DC PC mode 2 assumption of eNB. In noise limited operation (power limited operation), the higher power is just merit and it is not the issue. In interference limited operation, it can increase the interference to the other cells. Therefore, the situation should be avoided.

If network thinks DC PC mode 1 and if UE is DC PC mode 2, the Tx power of DC PC mode 2 can be sometimes smaller than DC PC mode 1 assumption of eNB. The lower than expected happens regardless of DC PC mode understanding as the power allocation is influenced by the other eNB's operation. The frequency of lower than expected has some influence on the spectrum efficiency but not so critical than above higher than expected scenario of interference limited deployment.

	ZTE
	For our understanding, the introduction of power control mode is anyway to ensure some guaranteed transmission for each eNodeBs. The performance loss/gain was not well aligned during the study.  The above mentioned misalignment may result marginal performance loss, The synchronous or asynchronous state would be statistically well determined by cell planning, This will further nullify the effect of misalignment.

Even with signalling between eNobeB and UE, other misalignments will exist, e.g. the case 3 and case 4 listed by LG. 

So, the same understanding between xeNB and UE is not necessary.

	Texas Instruments
	When the eNBs are synchronized it is beneficial for the network and UE to have the same understanding on PC mode (if Case3 is not valid then only Case 1 seems critical). For example, if most DL traffic is offloaded to the SeNB, then PUCCH transmissions are more often from the SeNB and since HARQ-ACK has priority it simplifies the scheduler to know that leftover power is used efficiently (i.e. using PC Mode 1). However, for Case 4, we don’t see an issue if the eNBs are not synchronized, the eNBs assume PC Mode 2, but the UE can do something more efficient by using PC Mode 1.  As long as the relative timing is unknown to the network, each eNB’s scheduling is sort of worst-case. 

	Fujitsu
	It is generally desirable for the network to know which PC mode the UE is using so that P_MeNB and P_SeNB can be set optimally. With a mismatch, there may be some loss of throughput (at least in some cases).
If it is concluded that the network does not need to know the PC mode, then the PC Mode could be fixed as Mode 2.


Question 2. Is it needed that the network configures the UE to follow either DC power control mode 1 or DC power control mode 2?
	Company name
	Views

	NTT DOCOMO
	We consider that such network configuration on DC power control mode is not necessary. As we described our views to the Questions 1 and 3, UE can determine which DC power control mode is used, and even if misalignment happens between UE and eNB, no critical problem is found.

	LG
	From the power control aspect only, signalling on DC power control mode seems not so essential. Even though the network signals which power control mode is used, if there is no guarantee that the transmission timing difference is less than [33us] (i.e., Case 3 may occur), then a UE may still have to measure the transmission timing difference (and may perform necessary handling of such cases). So, the benefit of network signalling is not clear.

	Ericsson
	YES, network configuration on UE’s DC power control mode is necessary. As discussed, consistent understanding between UE and network on UE power control mode is necessary. There are other requirements on UE that are different between synchronous and asynchronous operation, including: pSCell activation delay, interruption delay, and measurement gap. It is reasonable that the network provides a one-bit configuration signal on which mode UE follows (sync vs async), and the UE derives from it a whole set of UE behaviour including power control mode, measurement gap etc. Since one configuration signal indicates a set of UE behaviours, there is no signalling overhead due to power control alone. 

	ALU, ASB
	Yes, the network should configure the power control mode for the UE.

Per our answer to Q1, it is necessary for the eNB and the UE to have the same understanding. There are two possible ways to do this: (1) network signalling (2) UE autonomously decides the PC mode and signal it to the network.
The drawbacks of the 2nd approach include: (a) the PC mode determined by the UE can change when the UL tx time difference changes due to mobility (or even changes in the environment). The ping-pong effect could occur. The UE would need to signal it to the network every time it changes. The network would need to handle these changes and the potential ambiguity time period. This means additional signalling overhead and additional complexity at the eNB. (b) Two behaviours can exist in one network, so the eNB would need to handle both, which means additional complexity.
However, we don’t see the benefit of adopting the UE-based approach. One may argue that the UE can use PC mode 1 when the condition is satisfied, which is supposed to be superior compared to PC mode 2. However, the probability for this to happen is very small in an asynchronous network. And without the network’s knowledge of which mode is being used, the advantage would diminish.

	CATT
	According to our answer to Q1, we do not think network configuration of DC power control mode is necessary. 

	Huawei, HiSilicon
	Firstly, we do not observer any error case or issue for assuming different DC power control modes between eNB and UE. We believe UE determined scheme can be beneficial, since always using mode 2 will ignore UCI prioritization, and assign limited UL power on low prioritized UL channel.  As Discussed in question1, DC power control mode 2 may be not feasible in case 4. 

Therefore, DC power control mode should be determined by UE side. 

	Nokia Networks, Nokia Corporation
	We have to select from two options:

· UE autonomously decides to follow power control mode 1 or 

· signalling is specified. 

Autonomous operation would be based on specifying UE measurement of UL tx timing difference and DL rx timing difference. It is unclear, how often UE would have to do this measurement (every subframe?) and how UE operation would be tested. It should be noted that in the asynchronous networks UE could be in position where DL/TX timing difference is very close to the [33us] limit and UE could then change power control mode many times in a short period of time. Our view is that network signalling is simpler and would result smaller specification impact.

	InterDigital
	Yes. We share the view of some of the companies above that the alternative (i.e., UE autonomously determining the DC PC mode to use based on measuring timing difference) would lead to more complexity due to the need to address the possibility of oscillating behaviour, as well as specification and testing of UE timing difference measurements and signalling.

	Samsung
	Yes. The eNB should configure the UE the PC mode. Same reasoning as mentioned by other companies.

	Sharp
	We don't see the need for such extra signalling. The UE, considering the difference between the transmission timing for MeNB and for SeNB, can decide by itself which behaviour is more appropriate in each situation. Thus, it can be a UE implementation issue.

	Intel
	Yes. To achieve the design objective mentioned in answer 1, signalling need to be specified to indicate the assigned PC mode at least. 

	Panasonic
	In the interference limited scenario, to restrict to DC PC mode 2 is necessary. 

In the power limited scenario, UE autonomous change between DC PC mode 1 and 2 is not so much issue. 

	ZTE
	Network configuration on DC power control mode is not necessary. How to avoid/reduce impact for different understanding should be covered by eNodeB implementation.

	Texas Instruments
	In general it is not strictly necessary. For the case where the relative UL timing is around the [33us] boundary there may be some benefit in preventing a ping-pong event and its effect on UE behaviour.

	Fujitsu
	Configuring the PC mode by the network is the simplest option, and is an effective way to ensure common understanding of which PC mode is in use. The additional signalling would not be significant compared with other RRC signalling required for Dual Connectivity.


Question 3. Regardless of network signaling, can UE determine which DC power control mode will be used for the given scenario (e.g., apply DC power control mode 1 if transmission timing difference to PCell and pSCell is equal to or less than [33us], otherwise, apply DC power control mode 2)?
	Company name
	Views

	NTT DOCOMO
	We consider that UE can determine which DC power control mode is used based on whether the UL timing difference is within or larger than [33us]. This is aligned with the UE behaviour in CA case described in R4-145399/RP-141531.

	LG
	Since it is UE transmission power aspect, we think it is natural to determine power control mode based on the transmission timing difference.  

	Ericsson
	NO, UE should not determine which DC power control mode to use. If UE is allowed to determine, then for Ues located at the borderline of observing timing difference of [33 us], the UE behaviour can oscillate from subframe to subframe unpredictably. This is unnecessary complication to both UE and network. 

This also makes it very difficult to define RAN4 testing for such UE behaviour.

	ALU, ASB
	No, the UE should not autonomously determine the power control mode. If the UE were allowed to do so, the mode could change depending on the UE location/mobility. The ping-pong effect between two modes could exist.

	CATT
	Yes, UE can determine which DC power control mode to be used based on Tx timing difference.

	Huawei, HiSilicon
	The DC power control mode can be determined by UE transmission time difference. For UE complexity, the UE determination method has neglectable UE implement impact. For the RAN4 testing, it is up to RAN4 to decide how to develop the exact testing in the performance discussion.

	Nokia Networks, Nokia Corporation
	UE may be allowed to use mode 1 instead of mode 2 if transmission timing difference is smaller than [33us] but UE should not use mode 2 in synchronous network. 

	InterDigital
	No. In our view, the network selects the PC configuration parameters as a function of the DC PC mode, therefore the UE should not override the DC PC mode configured by the network. 

	Samsung
	No. Same view as InterDigital

	Sharp
	Yes. As explained above, the small to medium distances involved in a dual connectivity scenario are enough to ensure that the eNB is capable of detecting the level of synchronicity between MeNB and SeNB. The UE should determine the DC power control mode based on actual timing difference.

	Intel 
	No. UE needs to follow the PC mode signalled by eNB; Otherwise, misalignment on PC mode happens between UE and eNB. 

	Panasonic
	In the interference limited scenario, such operation has an issue. 

In the power limited scenario, UE autonomous change between DC PC mode 1 and 2 is not so much issue.

	ZTE
	Yes, UE determines DC PC mode by itself. It is not necessary to inform network which PC mode is selected.

	Texas Instruments
	Yes, the UE can determine the DC PC mode. Whether a ping-pong effect at the [33us] boundary is undesirable and how to prevent it is a separate discussion.

	Fujitsu
	While it is quite feasible for the UE to determine the PC mode without explicit network signalling, but this has the drawback of potentially different understanding between the network and UE on the PC mode being used.  


Question 4. Which DC power control mode should be applied in Case 4?
	Company name
	Views

	NTT DOCOMO
	According to our answers to the Questions 1-3, UE applies DC power control mode 1 in case 4. 

	LG
	Similar to Case 1, since the UE experiences small transmission timing difference, DC power control mode 1 is applied. 

	Ericsson
	In general the network is allowed to signal whichever power control mode it sees fit for a UE, considering all factors. The UE does not need to comprehend why a particular mode is signalled to it (no need to guess if it is Case 4 or other cases).  For the most straightforward network implementation, the network cannot identify which UEs are in Case 4, and the network signals a same power control mode for all UEs in the cell (mode 2 for Case 4).

	ALU, ASB
	As explained above, the network should signal the UE which power control mode to use, and the UE should follow the signaling. In case 4, since the network considers itself asynchronous, it would naturally signal mode 2 to all the UEs.

	CATT
	Based on our answer to Q3, as the Tx timing difference is the same as case 1, the same DC power control mode as case 1, i.e. DC power control mode 1 can be applied.

	Huawei, HiSilicon
	DC power control mode 1 should be applied in case 4

	Nokia Networks, Nokia Corporation
	In case 4 network signalling would indicate DC PC mode 2. If the decision would be based on measurement, we think that also DL rx timing difference should be considered, so depending on if DL rx difference is larger or smaller than 33us the operation would be according to mode 2 or mode 1.

	InterDigital
	The UE should follow the signalling from the network. This means that DC PC mode 2 is applied even in Case 4 if the network has signalled this DC PC mode.

	Samsung
	The DC power control mode is the one signalled by the NW

	Sharp
	Mode 1, since the UE considers that the UL transmissions are synchronized in this case.

	Intel
	In any case, UE needs to follow the signalled PC mode by eNB to avoid misalignment. 

	Panasonic
	In the interference limited scenario, it should follow network signalling between DC PC mode 1 or mode 2.

In the power limited scenario, if DC PC mode 1 can be usable (from uplink timing difference), it can use DC PC mode 1 instead of DC PC mode 2.

	ZTE
	Mode 1 should be applied by UE. It will be a clean solution since UE should not rely on network signalling, which should be semi-static.

	Texas Instruments
	PC Mode 1 can be applied. We are yet to identify any critical issue with this approach.

	Fujitsu
	Either PC mode could be applied, but the network should be aware of which is used by the UE (i.e. PC mode is configured by the network)


A UE supporting both synchronous and asynchronous scenarios needs to determine the DC power control mode applied in a certain condition. To determine which DC power control mode is applied, the following potential options can be considered. 
· Option 1. Network signal based approach
· Network can signal whether the scenario is synchronized
· In a synchronous case indicated by the signal, UE applies DC power control mode 1
· In an asynchronous case indicated by the signal or a UE does not receive network signal that indicates synchronized scenario is used,
· Option 1-A. UE always applies DC power control mode 2
· Option 1-B. UE applies DC power control mode 1 if transmission timing difference between signals to PCell and pSCell is equal to or less than [33us], otherwise, UE applies DC power control mode 2.
· Option 1-B-1: UE signals which DC power control mode is used
· Option 1-B-2: UE does not signal which DC power control mode is used
Note that the signal whether synchronized or not should be avoided at the specification in order to avoid different usage. The signaling would be to indicate which DC power control mode is used. But for the ease of the discussion and clarification of the conditions where each DC power control mode is used, for now, the 
ignaling of synchronized or not is used here.
· Option 2. UE based solution
· UE applies DC power control mode 1 if transmission timing difference between signals to Pcell and pSCell is equal to or less than [33us], otherwise, UE DC power control mode 2. 
· Option 2-A: UE signals which DC power control mode is used 
· Option 2-B: UE does not signal which DC power control mode is used
· Option 3. UE based solution alternative
· If UE can determine synchronous case, UE applies DC power control mode 1.
· FFS how to determine synchronous case
· In asynchronous case,
· UE always applies DC power control mode 2.
Question 5. To determine which DC power control mode is used, which option is the most preferred one? If there are more than one options considered, please list them all.
	Company name
	Views

	NTT DOCOMO
	Option 2-B: UE based solution without explicit indication from the UE.
Reasons that we think option 2 is feasible are described as our answers to the Questions 1-4. Between option 2-A and 2-B, our preference is 2-B, since signalling/indication from the UE on which DC power control mode is utilized would not be useful and would just become overhead. If eNB determines, e.g., the configuration of PMeNB and PSeNB depending on which DC power control mode is used, the frequent updates of the configuration and frequent change of scheduler strategy based on the UE indication would be required. Basically if eNBs consider itself as unsynchronized case, most of the Ues configured with dual connectivity apply DC power control mode 2. So, typically eNB just performs power control or scheduling assuming that the Ues apply DC power control mode 2, even if some of the Ues may select DC power control mode 1. Introducing signalling/indication on which DC power control mode is used from UE would not be useful in the actual operation.

	LG
	We consider Option 2-B is the simplest. If there is a desire to keep the consistent understanding between the network and the UE, we are okay with Option 2-A as well.  

	Ericsson
	Option 1 with Option 1-A for asynchronous

	ALU, ASB
	Option 1-A

	CATT
	Option 2-B

	Huawei, HiSilicon
	Option 2-B is our first preference

	Nokia Networks, Nokia Corporation
	Option 1-A. This would be simple solution and we could avoid specifying UE rx/tx timing difference measurements.

It could be discussed that if a UE is only capable of synchronous DC operation then it would always use DC PC mode 1. Also it could be studied if dedicated signalling for power control mode selection is needed or if some existing signalling can be reused.

	InterDigital
	Option 1-A

	Samsung
	Option 1-A

	Sharp
	We are not sure about the condition of synchronicity; we think setting the appropriate value is more of a RAN4 issue. For this reason we slightly prefer option 3 over option 2-B, although we would be fine with option 2-B if 33 (s is confirmed as an appropriate value.

	Intel
	Option 1-A

	Panasonic
	The network signals one of following three states.

State 1: Always DC PC mode 1: If uplink timing difference is larger than specified value for DC PC mode 1, similar to MTA, to disable SeNB operation is one possibility. If UE is only capable DC PC mode 1, only this mode can be configurable.

State 2: Always DC PC mode 2: Regardless of uplink timing difference, DC PC mode 2 is applied.

State 3: UE autonomous change between DP PC mode 1 and 2: Depending on uplink timing difference, DC PC mode 1 or 2 is used. Although DC PC mode 1 usage when uplink timing difference is larger than certain value is prohibited, exact condition to use mode 1 when less than uplink timing difference is not specified. Therefore, UE can avoid oscillating behaviour between mode 1 and mode 2. The DC PC mode 1 usage is rather bonus operation for the network perspective.

	ZTE
	Option 2-B is preferred. We see it is to complicated for UE to feedback eNodeB about the mode it is using. Note this could be different subframe by subframe.

	Texas Instruments
	Based on our previous answers Option 2-B would be okay.

	Fujitsu
	Option 1-A 
Or alternatively, explicit signalling to configure the PC mode, independently of whether the synchronous/asynchronous network case is also signalled


Question 6. If question 5 is a network based approach, how to handle Case 3? Is there any issue to apply DC power control mode 2 for Case 3 if DC power control mode is selected by UE based on the transmission timing difference?

	Company name
	Views

	LG
	Based on the inputs on the above questions, with Option 2, we do not see a major issue for Case 3. UE can apply DC power control mode 2 for Case 3 as the scenario is in fact is a async case from a UE perspective.

	Ericsson
	In general the network is allowed to signal whichever power control mode it sees fit for a UE, considering all factors. The UE does not need to comprehend why a particular mode is signalled to it (no need to guess if it is Case 3 or other cases).  For the most straightforward network implementation, the network cannot identify which UEs are in Case 3, and the network signals a same power control mode for all UEs in the cell (mode 1 for Case 3).

	ALU, ASB
	As explained earlier, our view is that the network should configure which mode to use. When the network is synchronous, theoretically the network would have the flexibility to configure either mode 1 or mode 2 for the UE. But in reality, it should configure mode 1 for better performance. When mode 1 is configured, it should be eNB’s responsibility to ensure that case 3 does not occur for any UE by taking into account cell radius etc. With this assumption, the UE behaviour in case of case 3 can follow the MTA handling: “A UE configured with pTAG and sTAG may stop transmitting on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle  as specified above”.
In summary, we think case 3 should be avoided by the network in deployment.

	CATT
	We do not see a big problem to apply DC power control mode 2 for case 3.

	Nokia Networks, Nokia Corporation
	Our understanding is that the case when network is synchronous but UL tx timing difference is larger than [33us] will not be possible i.e. in the same way as in multiple TA in Rel-11, network has to adjust TA values of different TAGs of the UE in such a way that UL tx timing difference at the UE is less than [33us].

	InterDigital
	We think that the UE should apply the same behaviour as a “sync-only”-capable UE and not attempt to revert to DC PC mode 2. 
For a “sync-only”-capable UE, Case 3 would be an error case. The UE would stop transmitting in the SCG. This behaviour should be considered the baseline for a “sync+async”-capable UE as well, and we see no reason to optimize for a situation that should be rare.

	Samsung
	This case can be avoided. FFS if any signalling from the UE is needed to identify error case.

	Sharp
	Applying mode 2 in case 3 would lead to the UE assigning priority to its transmissions to one of the eNBs, potentially compromising its ability to transmit to the other one. However, as explained in our answer to question 1, we don't think case 3 is a realistic scenario for dual connectivity. 

We think it is not necessary for eNB and UE to have a common understanding on the DC power control mode. The DC power control mode should always be selected by the UE based on the transmission timing difference.

	Intel
	We generally think this case can be avoided. We are open to further discuss whether signalling is needed to inform eNB of Case 3 occurrence. 

	Panasonic
	The network can basically avoid the operation of case 3 in order to support DC PC mode 1 only terminal. On the other hand, if uplink timing difference exceed certain value, to disable SCG transmission is one possibility similar to MTA discussion. 

	ZTE 
	We do not see the need of network signaling synchronization state. Even it is signaled, Mode 2 can be applied to case 3.

	Texas Instruments
	As mentioned by several companies Case 3 can be avoided by network deployment.

	Fujitsu
	Case 3 may not need to be supported by the UE, as it can be avoided by the network deployment/configuration. However, since PC Mode 2 would be the most appropriate, Case 3 could be supported if the configuration of PC mode is independent of any indication to the UE of whether the network is synchrononous/asynchronous. 


3. Summary of email discussion [78-08]
Regarding the question 1,
The following summarizes the concerns on misalignments between eNB and UE:

· The network may need to assume DC power control mode 2 in asynchronous scenarios. 

· Spectral efficiency and scheduling to all UEs may be affected as scheduling strategy as well as P_SeNB/P_MeNB may also depend on which DC power control mode is used. 

The following summarizes the reasons why the misalignment seems not an issue:

· While the network considers UE may apply DC power control mode 2 whereas UE applies DC power control mode 1 does not cause any harm 

· Without knowing the scheduling information of the other eNB, even though the network knows which power control mode is used in Case 4, the scheduling strategy or P_SeNB/P_MeNB may not be affected. 

Regarding the question 2 of the necessity of network signalling to determine DC power control mode, 

The following captures the concerns on the network signaling based approach:
· By the network signaling, DC power control mode 1 in asynchronous case cannot be utilized (even though a UE can support it) 

· It mandates to apply DC power control mode 2 even for very small transmission timing difference (which can affect the requirements on processing time for power scaling and RF preparation time) 

· Additional signaling is needed 

Regarding the question 3 of UE-based approach to determine DC power control mode,
The following captures the concerns on the UE based approach:
-        Dynamic change of DC power control mode is possible (e.g., subframe-by-subframe) 

-        Complexity of UE measurement for transmission timing difference 

-        Inefficient network scheduling, power strategy due to potentially misalignments between UE and the network
Regarding the question 4, which DC power control mode is used for Case 4:

· DC power control mode 1 is used for Case 4:

· Supported by NTT DOCOMO, LG, CATT, Huawei, HiSilicon,  Sharp, Panasonic (in the power limited scenario), ZTE, Texas Instruments

· DC power control mode 2 is used for Case 4:

· Supported by Ericsson, ALU, ASB, Nokia Networks, Nokia Corp, InterDigital, Panasonic (in the interference limited scenario), 

· Based on network configuration

· Samsung, Intel, Fujitsu,

Regarding the question 5, which approach is used to determine DC power control mode

· Option 1-A

· Supported by Ericsson, ALU, ASB, Nokia Networks, Nokia Corp, InterDigital, Samsung, Intel, Fujitsu

· Option 2-B

· Supported by NTT DOCOMO, LG, CATT, Huawei, HiSilicon,  Sharp, ZTE, Texas Instruments

· Others

· Panasonic (three states to select DC power control mode combination of network signalling and UE approach)

Regarding the question 6 to handle Case 3, 

· DC power control mode 2 is applied based on UE selection

· Supported by LG, CATT, ZTE, Fujitsu 
· DC power control mode 1 indicated by the network

· Supported by Ericsson

· Case 3 should be avoided by the network deployment

· Supported by ALU, ASB, Nokia Networks, Nokia Corp, InterDigital, Intel, Panasonic, Texas Instruments, Fujitsu
Based on the discussions, it seems that Option 2-A and 3 can be removed. 

Overall the main concerns with UE-based approach are regarding UE measurements/behaviors to change DC power control mode (per subframe-by-subframe or long-term, etc). For the network-based approach, the main concerns are additional signaling overhead and UE processing requirement constraints to support very small transmission timing difference.  
There was a discussion regarding potential RAN4 workload to specify the condition/details how the UE determines DC power control mode if UE-based solution is adopted. It was proposed to leave the detailed condition to UE implementation. Also, some compromise solutions were discussed without reaching the agreements. It was discussed that if it can be agreed there are benefits to have the same understanding between the network and UE regarding DC power control mode, Option 1-A can be adopted. If it is not agreed, Option 2-B can be adopted. With this, considerations on other factors such as feasibility and complexity should be also taken for the further discussion. Based on the discussions, by a few companies, it was proposed to first discuss between Option 1-A or 2-B and if there is no conclusion, some compromise solution may be further considered. Some of discussed compromise proposals are also captured in below:
With this understanding, further clarification and discussions can be continued in RAN1#78bis to converge. 

Furthermore, some clarification on UEs supporting only synchronized DC scenarios has been discussed. 
Based on the discussions, the following captures the summary and proposals:

	Possible agreements:

· The term “DC power control mode 1” is used to describe the following power control behaviour: 

· All the remaining power can be shared. 

· Priority is determined based on UCI type across CG for the remaining power
· The term  “DC power control mode 2” is used to describe the following power control behaviour: 

· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission. 

· All remaining power is first made available to CG associate with earlier transmission.
Summary on common understanding on power control mode applied in Case 1/2
· For UEs supporting both synchronized and asynchronized DC scenarios:

· DC power control mode 1 is used in Case 1: 
· Case 1: MeNB and SeNB consider itself as a synchronized case and the maximum received timing different between signals from PCell and pSCell is equal to or less than 33us and the maximum uplink timing difference between signals to PCell and pSCell is equal to or less than [33us]. 

· DC power control mode 2 is used in Case 2: 

· Case 2: MeNB and SeNB consider itself as an asynchronized case and the maximum uplink timing difference between signals to PCell and pSCell is larger than [33us].


	Potential Agreements for UEs supporting only synchronized DC scenarios:

· If a UE supports only synchronized DC scenarios, it is not expected to be configured with dual connectivity if the received subframe boundary timing difference is more than [33us]. 

· When configured to operate dual-connectivity, the UE shall apply DC power control mode 1 as long as the maximum uplink timing difference between signals to different serving cells belonging to different CGs is equal to or less than [33us].

· Otherwise, similar to MTA,  treat this case as an error case


	Summary of discussed options:

· If the network signaling approach (Option 1-A) is used, 

· If the network signals DC power control mode 1, 

· If the maximum uplink timing difference between signals to different serving cells belonging to different CGs is equal to or less than [33us], a UE shall apply DC power control mode 1. 

· Otherwise, similar to MTA, treat this case as an error case.

· Otherwise, a UE shall always apply DC power control mode 2.

· A UE is not expected to be configured with DC power control mode 2 in Case 1 scenario.

· If the UE-based approach (Option 2-B) is used, 

· If the uplink timing difference between signals to different serving cells belonging to different CGs is equal to or less than [33 us], a UE shall apply DC power control mode 1.

· Otherwise, the UE shall apply DC power control mode 2.

· The details on how to decide between DC power control mode 1 and 2 is left to UE implementation.

· If network and UE based solution is used (Alt1), 

· If the network signals DC power control mode 1, 
· If the maximum uplink timing difference between signals to different serving cells belonging to different CGs is equal to or less than [33us], a UE shall apply DC power control mode 1. 

· Otherwise, similar to MTA, treat this case as an error case

· Otherwise, 

· If the maximum uplink timing difference between signals to different serving cells belonging to different CGs is equal to or less than [33us], a UE shall apply DC power control mode 1

· Otherwise, a UE shall apply DC power control mode 2

· The details on how to decide between DC power control mode 1 and 2 is left to UE implementation.
· If network-based solution with relaxation of network signaling is used (Alt2)
· If the network signals DC power control mode 2, 

· a UE shall apply DC power control mode 2 regardless of uplink timing difference between signals to different serving cells belonging to different CGs

· Otherwise, 

· a UE shall apply DC power control mode 1 as long as uplink timing difference between signals to different serving cells belonging to different CGs is equal to or less than [33 us], 

· and UE shall apply DC power control mode 2 if uplink timing difference between signals to different serving cells belonging to different CGs is more than [33 us].

· The details on how to decide between DC power control mode 1 and 2 is left to UE implementation.
· A UE is not expected to be configured with DC power control mode 2 in Case 1 scenario.
·  [33us] is a temporary value used by RAN1 for the discussion. The actual value is up to RAN4. 

· FFS the power handling of small overlap like [33usec] is only to specify total transmission power shall not exceed P_cmax.
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