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Introduction
RAN1 has defined PUSCH, PUCCH and SRS power control framework for a serving cell c but there has not been much discussed about power control for multi-carrier case, i.e., CA in NR. So, this email discussion aims to make a consensus or conclusion on power control for NR-CA.
Power Scaling/Sharing Mechanism
Unlike LTE carriers, NR carriers can use practically arbitrary scheduling durations and synchronous transmissions from a UE on different cells are less likely to materialize. This section discusses power scaling/sharing mechanism for NR-CA 
In order to facilitate the discussion, the following NR-CA cases can be considered:
· Case 1: same numerology and same transmission duration for all CCs configured for UE
· Case 2: same numerology but different transmission duration among CCs configured for UE
· Case 3: different numerologies and different transmission duration among CCs configured for UE

Discussion on simultaneous transmission of PUSCH and PUCCH
In RAN plenary, it was agreed that simultaneous transmission of PUSCH and PUCCH is not the scope of Rel-15 (RP-172108). However, it is not clear whether the agreement is applied only for single carrier operation or it is applied not only for single carrier but also multi-carrier operations. Also, it was agreed to support 2 cell groups for PUCCH for NR-CA but it is not clear whether or not simultaneous PUCCH transmission across carriers (i.e., inter-carrier simultaneous PUCCH-PUCCH transmission) is supported in Rel-15.
 During offline discussion, there have been different understandings from different companies about these agreements. So, we should make a decision or conclusion on these issues first.

Offline proposal 0
· Simultaneous transmission of PUSCH and PUCCH for NR-CA
· Alt.1: it is not supported in Rel-15.
· Alt.2: it is supported in Rel-15.
· Simultaneous transmission of 2 PUCCHs for NR-CA
· Alt.1: it is not supported in Rel-15.
· Alt.2: it is supported in Rel-15.

Discussion on Case 1
This scenario implies synchronous transmissions with same durations on all cells. Companies have proposed the following power sharing/scaling mechanisms:

	Company
	View

	Samsung
	In this case, the power control mechanisms can be directly inherited from LTE. So, the following are proposed:
· If UE is configured with an SCG or a PUCCH-SCell, the power sharing mechanism for LTE-NR DC is reused.
· If UE is not configured with an SCG or a PUCCH-SCell, the power sharing mechanism for LTE-NR CA is reused. 

	Huawei
	Proposal 1: Power control of LTE CA can be reused if all component carriers configured for UE have the same numerology.
[Coordinator’s note] Huawei’s view is same as Samsung’s one for Case 1.

	LGE
	The following approaches need to be considered:
· Approach 1) reducing transmit power of a physical channel for the whole transmission duration
· Approach 2) reducing transmit power of a physical channel for the symbols where the total transmit power exceeds Pcmax
· Approach 3) dropping a physical channel
· Approach 4) dropping symbols of a physical channel where the total transmit power exceeds Pcmax
The following aspects for prioritization of the physical channels should be considered:
· Aspect 1) type or contents of the physical channels, e.g., UL-SCH, HARQ-ACK, CSI, SRS, SR, etc.
· Aspect 2) subcarrier spacing (or symbol duration)
· Aspect 3) physical channel duration, e.g., number of symbols composing the physical channel
· Aspect 4) waveform, e.g., CP-OFDM or DFT-s-OFDM
[Coordinator’s note] all the possible approaches/aspects were well-listed up but I am wondering which approach/aspect is most preferable from LGE.

	OPPO
	Proposal 1: If the total transmit power of the UE would exceed the maximal power, scale down the transmission according to the following conditions:
· 
 if UE has a PUCCH transmission
· 
 if UE has a PUSCH transmission with UCI on the serving cell j
[Coordinator’s note] I am wondering whether simultaneous transmission of PUSCH and PUCCH on different carriers is the scope of Rel-15.

	CATT
	Proposal: the gNB scheduler should take into account the slot format and numerologies among scheduled PUSCH transmission in UL CA to avoid the total TX power exceeding the maximum power of the UE power class over all OFDM symbols. If the UE output power at some OFDM symbols exceeds the maximum power of the UE power class, it would be UE implementation choice of scaling the transmit power to meet the SAR requirements.
[Coordinator’s note] The above proposal seems be more focused on Case 2 and Case 3 because in Case 1, same numerology and same duration (i.e., same number of symbols) are assumed regardless of whether the slot formats on different carriers are same or different. Also, different slot formats cause variable starting point of UL transmissions and different durations, and these scenarios will be discussed in Case 2 and/or Case 3.

	InterDigital
	Proposal 1: Uplink power control for NR CA supports a power sharing mechanism similar to that of LTE DC when the UE is configured such that multiple different HARQ timelines are possible.
Proposal 2: Power allocation for NR CA supports flexible grouping of transmission based on timing-related aspects.
Proposal 3: Transmission grouping support grouping based on HARQ timeline [TTI, K1, K2]. Details FFS.
Proposal 4: Prioritization supports QoS scheduling differentiation. Details FFS e.g., by grouping, transmission type.
[Coordinator’s note] Main key words in the above proposals seem be different HARQ timelines, transmission grouping based on HARQ timeline, and prioritization based on QoS scheduling differentiation. I think that among above proposals, only proposal 4 is related to Case 1 under discussion in this subsection.

	Qualcomm
	Proposal 3: For NR CA power control
· If for two transmissions of different numerology the PCDP fully or partially overlaps
· Channel prioritization between the different numerologies is up to UE implementation
· If for two transmission of different numerology the PCDP is fully disjoint
· The transmission corresponding to the earlier PCDP is considered ongoing and has higher priority
· If for two transmission of the same numerology the PCDP partially overlaps
· Channel prioritization between the different numerologies is up to UE implementation
· If for two transmission of the same numerology the PCDP is identical and fully overlaps
· Power control is handled jointly
[Coordinator’s note] I think that there is a typo on the sub-bullet of the third main bullet in the proposal 3, i.e., Channel prioritization between the different numerologies. On the other hand, in the above proposal, only the last bullet is related to Case 1 under discussion in this subsection. Then, details on how to jointly handle the power control need to be described.

	DOCOMO
	Proposal 1: reuse LTE power scaling function for PUSCH transmission from Rel.14
Note: Only PUSCH-only transmission need to be reused, since simultaneous transmission of PUSCH and PUCCH among CCs is not supported in Rel. 15 NR
[Coordinator’s note] In RAN plenary, it was decided that simultaneous transmission of PUSCH and PUCCH is deprioritized in Rel-15. However, I am wondering whether it was intended for single carrier operation only or for all cases, i.e., not only for single carrier operation but also for multi-carrier operation. After reviewing companies’ Tdocs, I realized that there is different understanding on that.

	Motorola/Lenovo
	Proposal 1: Support option to allow UE to maintain a fixed total PA power setting over the overlapped portion as well as the non-overlapped portion of the UL transmissions from component carriers in intra-band CA. 
Proposal 2: To support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting, insert DMRS in each overlapped and non-overlapped portion of the UL transmission.
Proposal 3: Support BWP-specific open-loop and closed-loop power control if different BWPs are configured with different numerologies. Trigger PHR the first time a UE is configured/reconfigured with a BWP with different numerology.
[Coordinator’s note] All proposals captured from the Tdoc seem be related to heterogeneous UL transmissions like different durations and different numerologies on multiple carriers.

	Ericsson
	The following proposals are related to Case 1.
· At least for the case of NR-NR CA where all carriers are <6GHz, when the UE is power limited due to simultaneous transmissions on multiple serving cells, UE scales down/drops transmissions according to following priority order PUCCH>PUSCH+UCI>PUSCH>SRS
· The same power scaling rules apply regardless of whether PUSCH transmissions are of same/different lengths across serving cells (at least for the case where all cells have same numerology).
[Coordinator’s note] Ericsson thought that simultaneous transmission of PUSCH and PUCCH on different carriers is not the scope of Rel-15. So, PUSCH is dropped.

	ZTE
	For synchronized NR CA with unified numerology, power sharing should consider:
· the total required power should be evaluated per symbol instead of per slot
· the power should be assigned based on priority of transmit channel and traffic
· For the same kind of channel, the power should be equal on all occupied symbols in one slot, except some zero power symbols.



Based on companies’ views, the following are proposed:
Offline proposal 1
· In Case 1, (all CCs configured for UE have same numerology and same transmission duration), when the UE is power limited due to simultaneous transmission on multiple serving cells, 
· UE scales down its transmission power or drops transmissions according to the following priority order (down selected from the following options):
· Alt.1: PUCCH > PUSCH + UCI > PUSCH > SRS
· Alt.2: PUCCH/PUSCH with HARQ-ACK and SR > PUCCH/PUSCH without HARQ or SR > SRS
· Need to identify a priority rule depending on UCI contents/types, i.e., HARQ-ACK, SR, beam-related information (e.g., beam failure recovery request and beam measurement report), CSI
· Alt.3: Scaling of transmit power or dropping of transmissions is left to UE implementation.
· FFS on whether simultaneous transmission of PUCCH and PUSCH with/without UCI on different carriers is supported in Rel-15.

Discussion on Case 2 and Case 3
Case 2 can be exemplified as the following: slot-based UL scheduling is used for one CC and non-slot-based UL scheduling is used for another CC where both have same subcarrier spacing. In this scenario, typical use case of non-slot-based UL scheduling would be low latency service. 
On the other hand, Case 3 is more generalized scenario than Case 2 and it can include both intra-band CA and inter-band CA. For an example of intra-band CA, 15 kHz subcarrier spacing (SCS) is used for one CC and 60 kHz SCS is used for another CC. On the other hand, for inter-band CA, one CC with lower-frequency exploits smaller SCS while another CC with higher-frequency CC uses higher SCS.
Companies have proposed the following power sharing/scaling mechanisms for Case 2 and/or Case 3:

	Company
	View

	Samsung
	This scenario can consider power control as agreed for LTE-NR DC (or, possibly, as for LTE DC PCM2 but this may require more time for completion). This allows for transmissions with different durations in two groups of cells (regardless of the use of same or different numerology).
In that case, UL cells are grouped into two cell groups (this is also already agreed for PUCCH transmissions) with one cell group serving as MCG and the other as SCG (and Case 1 applies for MCG cells or for SCG cells).

	Huawei
	Proposal 2: For the case that M (M>1) component carriers configured for UE have N (N>1, N<=M) types of numerologies, the M component carriers can be grouped into N CGs, i.e., CG(g) (g=1,…,N)  according to the numerology
· 



The maximum allowed transmission power (g=1,…, N) for the (g=1,…,N) is configured by higher layer signalling with = .
· Power scaling/sharing mechanism of LTE CA can be reused for power sharing within the CG CG(g) (g=1,…,N). 
Proposal 3: Power adaptation within one slot can be considered as one optional scheme for NR CA, i.e., transmission of one CC on the overlapped duration can be suspended to leave power for that of another CC with higher priority. 
[Coordinator’s note] It seems that Proposals 2 and 3 are more related to Case 3, i.e., different numerologies among CCs.
For Proposal 2, I understand that Huawei wanted to generalize the formula but in practical, N will be limited to 3 for < 6 GHz (i.e., 15 kHz, 30 kHz and 60 kHz) and to 2 for > 6 GHz (i.e., 60 kHz and 120 kHz). Then, I am wondering what Huawei’s preference is about the value ‘N’. N = 2 or N = 3. 

	LGE
	The following approaches need to be considered:
· Approach 1) reducing transmit power of a physical channel for the whole transmission duration
· Approach 2) reducing transmit power of a physical channel for the symbols where the total transmit power exceeds Pcmax
· Approach 3) dropping a physical channel
· Approach 4) dropping symbols of a physical channel where the total transmit power exceeds Pcmax
The following aspects for prioritization of the physical channels should be considered:
· Aspect 1) type or contents of the physical channels, e.g., UL-SCH, HARQ-ACK, CSI, SRS, SR, etc.
· Aspect 2) subcarrier spacing (or symbol duration)
· Aspect 3) physical channel duration, e.g., number of symbols composing the physical channel
· Aspect 4) waveform, e.g., CP-OFDM or DFT-s-OFDM
[Coordinator’s note] all the possible approaches/aspects were well-listed up but I am wondering which approach/aspect is most preferable from LGE.

	OPPO
	Proposal 2: NR supports the priority rule based on service types for power control.
Proposal 3: power control for the same service type in NR CA flows the following priority rule:
· PUCCH or PUSCH with UCI > PUSCH without UCI
· For the PUSCHs without UCI, down-select one of the following options:
· Option 1: all PUSCHs without UCI have the same priority
· Option 2: PUSCH with the same numerology have the same priority and PUSCH with smaller SCS > PUSCH with larger SCS
[Coordinator’s note] According to Proposal 2, it seems that PUSCH with short duration always has higher priority than PUSCH with long duration in Case 2. 

	CATT
	Proposal: the gNB scheduler should take into account the slot format and numerologies among scheduled PUSCH transmission in UL CA to avoid the total TX power exceeding the maximum power of the UE power class over all OFDM symbols. If the UE output power at some OFDM symbols exceeds the maximum power of the UE power class, it would be UE implementation choice of scaling the transmit power to meet the SAR requirements.
[Coordinator’s note] CATT’s position is that scaling of the transmit power is left up to UE implementation regardless of service types.

	InterDigital
	Proposal 1: Uplink power control for NR CA supports a power sharing mechanism similar to that of LTE DC when the UE is configured such that multiple different HARQ timelines are possible.
Proposal 2: Power allocation for NR CA supports flexible grouping of transmission based on timing-related aspects.
Proposal 3: Transmission grouping support grouping based on HARQ timeline [TTI, K1, K2]. Details FFS.
Proposal 4: Prioritization supports QoS scheduling differentiation. Details FFS e.g., by grouping, transmission type.
Proposal 5: When configured, NR power control mode assigns a fraction of the UE’s maximum output power (Pcmax) to a transmission group (TRGx). The number of supported TRGs is FFS.
Proposal 6: PCM2 is used as the baseline for power allocation for NR CA with multiple timelines.
Proposal 7: PCM2 is extended to support multiple HARQ timelines i.e. different combinations of [TTI, K1, K2].
Proposal 8: PCM2 is extended to support multiple (i.e., more than two) groups of transmissions.
[Coordinator’s note] The reason why we have to consider different HARQ timelines and processing latency for power allocation in NR CA is that they can cause variable offset between the start of overlapping transmissions. So, the point should be ‘different starting point’ and/or ‘different transmission duration’ rather than HARQ timelines.
Proposal 9: RAN1 considers support for guaranteed DMRS power for the power sharing mechanism.

	Qualcomm
	Proposal 1: Support of overlapping transmissions within a TAG that don’t start at the same time or have different durations is a UE capability to be reported per band/band combination. 
· In case of PUCCH/PUSCH frequency hopping, necessary power reduction, if there is any, is considered.
[bookmark: _Hlk498705469]Proposal 2: Define the power control determination period (PCDP) of an UL transmission as below 
· For self-contained PUCCH/PUSCH, the PCDP is the duration from the end of the associated grant to the beginning of the transmission, and
· For all other cases with UE capability K2=1, the PCDP is the duration from the end of the control region of the slot immediately prior to the slot of transmission to the end of the slot immediately prior to the slot of transmission.
Proposal 3: For NR CA power control
· If for two transmissions of different numerology the PCDP fully or partially overlaps
· Channel prioritization between the different numerologies is up to UE implementation
· If for two transmission of different numerology the PCDP is fully disjoint
· The transmission corresponding to the earlier PCDP is considered ongoing and has higher priority
Proposal 4: When there are multiple transmissions with same priority with non-identical transmission durations
· Power scaling/dropping is up to UE.
[Coordinator’s note] For Proposal 2, I am wondering what the specification impact of PCDP could be, e.g., is the PCDP another UE capability for power control in NR CA?
In Proposal 3, the case that the PCDP is fully disjoint for two transmission of different numerology seems be exemplified in Figure  5, i.e., PCDP for A-SRS and PCDP for HARQ-ACK use different numerologies and they are not overlapped. This case is intended that UL transmission triggered by the earlier grant (A-SRS) has higher priority than UL transmission triggered by the later grant (HARQ-ACK). If this is correct understanding, then I am not sure why the PCDP is needed. Also, for the case that the PCDP fully or partially overlaps, UL transmission triggered by the earlier grant can have higher priority. Maybe I missed something important.

	DOCOMO
	Proposal 1: reuse LTE power scaling function for PUSCH transmission from Rel.14
Note: Only PUSCH-only transmission need to be reused, since simultaneous transmission of PUSCH and PUCCH among CCs is not supported in Rel. 15 NR
[Coordinator’s note] It seems that same UE’s behavior is applied regardless of whether numerology and/or transmission duration is same or different for PUSCH transmissions on different carriers. So, the prioritization rule for power scaling in both Case 2 and Case 3 is PUSCH with UCI > PUSCH without UCI > SRS

	Motorola/Lenovo
	Proposal 1: Support option to allow UE to maintain a fixed total PA power setting over the overlapped portion as well as the non-overlapped portion of the UL transmissions from component carriers in intra-band CA. 
Proposal 2: To support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting, insert DMRS in each overlapped and non-overlapped portion of the UL transmission.
Proposal 3: Support BWP-specific open-loop and closed-loop power control if different BWPs are configured with different numerologies. Trigger PHR the first time a UE is configured/reconfigured with a BWP with different numerology.
[Coordinator’s note] In order to avoid phase discontinuities due to change in transmission power within UL transmission, inserting DMRS in each overlapped and non-overlapped portion of the UL transmission is proposed rather than dropping of overlapped portion.

	Ericsson
	The following are proposed:
· At least for the case of NR-NR CA where all carriers are <6GHz, when the UE is power limited due to simultaneous transmissions on multiple serving cells, UE scales down/drops transmissions according to following priority order PUCCH>PUSCH+UCI>PUSCH>SRS
· The same power scaling rules apply regardless of whether PUSCH transmissions are of same/different lengths across serving cells (at least for the case where all cells have same numerology).
[Coordinator’s note] It seems that the priority rule based on service types, i.e., URLLC/eMBB is not supported by Ericsson.

	ZTE
	For synchronized CA with multiple numerology power sharing
The CCs could be grouped based on numerology, and guaranteed power each group is set for each CC group independently. PCM2 in LTE could be considered as a baseline. The way to enhance PCM2 to apply to multiple groups is FFS.

For NR-NR DC power sharing
PCM1 could be used only for synchronized CA with unified numerology. 
PCM2 could be used for other cases, such as 
· synchronized CA with multiple numerology
· asynchronized CA with multiple numerology
· asynchronized CA with unified numerology



Based on companies’ views, the following are proposed:
Offline proposal 2
· In Case 2 (same numerology but different transmission durations among the CCs configured for UE) and Case 3 (different numerologies among the CCs configured for UE), when the UE is power limited due to simultaneous transmission on multiple serving cells, the following options can be down-selected:
· Option 1: The priority rule based on service types is supported, e.g., PUSCH with short duration (e.g., URLLC) has higher priority than PUSCH with long duration (e.g., eMBB).
· For the same service type, PUCCH or PUSCH with UCI > PUSCH without UCI > SRS
· Option 2: The same priority rule is always applied regardless of transmission durations/numerologies (i.e., service types).
· e.g., PUCCH or PUSCH with UCI > PUSCH without UCI > SRS
· Option 3: UL cells are grouped into N cell groups depending on transmission durations/numerologies and within each group, Option 2 is applied where N is FFS.
· If N = 2, FFS whether LTE DC PCM2 is reused or is extended to support other aspects, e.g., multiple HARQ timelines.
· Option 4: Scaling of transmit power or dropping of transmissions is left to UE implementation
· FFS whether there is any exceptional case, e.g., in case that the PCDP is fully disjoint for two transmissions of different numerologies, the transmission corresponding to the earlier PCDP has higher priority.
· FFS whether to insert DMRS in each overlapped portion of the UL transmission to support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting.
· FFS whether to support guaranteed DMRS power for the power sharing mechanism.
[bookmark: _GoBack]PHR related issue
This issue will be discussed in 7.6.1 A.I.
Conclusion
According to companies’ views in Section 2, the following are proposed:
Offline proposal 0
· Simultaneous transmission of PUSCH and PUCCH for NR-CA
· Alt.1: it is not supported in Rel-15.
· Alt.2: it is supported in Rel-15.
· Simultaneous transmission of 2 PUCCHs for NR-CA
· Alt.1: it is not supported in Rel-15.
· Alt.2: it is supported in Rel-15.

Offline proposal 1
· In Case 1, (all CCs configured for UE have same numerology and same transmission duration), when the UE is power limited due to simultaneous transmission on multiple serving cells, 
· UE scales down its transmission power or drops transmissions according to the following priority order (down selected from the following options):
· Alt.1: PUCCH > PUSCH + UCI > PUSCH > SRS
· Alt.2: PUCCH/PUSCH with HARQ-ACK and SR > PUCCH/PUSCH without HARQ or SR > SRS
· Need to identify a priority rule depending on UCI contents/types, i.e., HARQ-ACK, SR, beam-related information (e.g., beam failure recovery request and beam measurement report), CSI
· Alt.3: Scaling of transmit power or dropping of transmissions is left to UE implementation.
· FFS on whether simultaneous transmission of PUCCH and PUSCH with/without UCI on different carriers is supported in Rel-15.

Offline proposal 2
· In Case 2 (same numerology but different transmission durations among the CCs configured for UE) and Case 3 (different numerologies among the CCs configured for UE), when the UE is power limited due to simultaneous transmission on multiple serving cells, the following options can be down-selected:
· Option 1: The priority rule based on service types is supported, e.g., PUSCH with short duration (e.g., URLLC) has higher priority than PUSCH with long duration (e.g., eMBB).
· For the same service type, PUCCH or PUSCH with UCI > PUSCH without UCI > SRS
· Option 2: The same priority rule is always applied regardless of transmission durations/numerologies (i.e., service types).
· e.g., PUCCH or PUSCH with UCI > PUSCH without UCI > SRS
· Option 3: UL cells are grouped into N cell groups depending on transmission durations/numerologies and within each group, Option 2 is applied where N is FFS.
· If N = 2, FFS whether LTE DC PCM2 is reused or is extended to support other aspects, e.g., multiple HARQ timelines.
· Option 4: Scaling of transmit power or dropping of transmissions is left to UE implementation
· FFS whether there is any exceptional case, e.g., in case that the PCDP is fully disjoint for two transmissions of different numerologies, the transmission corresponding to the earlier PCDP has higher priority.
· FFS whether to insert DMRS in each overlapped portion of the UL transmission to support overlapping UL transmissions with varying transmission powers that results in changes to the PA power setting.
· FFS whether to support guaranteed DMRS power for the power sharing mechanism.
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