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1 Introduction

In RAN#80 meeting, the updated NR specifications after RAN1#93 meeting were endorsed. It has been agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications in RAN1#94 meetings. There are some remaining details on UL power control which need to be refined or updated in the specification. We provide our TPs on UL power control related issues in this contribution.

2 UL power control-nonCA
PUSCH power control when SRS spatial relations are activated by MAC-CE 
Spatial relations for semi-persistent SRS are activated by MAC-CE signaling, and meanwhile the SRS can be used for codebook/noncodebook transmission for PUSCH. It means that the UL Tx beams used for PUSCH transmission can be updated by MAC-CE signaling. But, UL power control parameter for PUSCH is configured by RRC through mapping approach between SRI codepoint and indices of {p0, alpha}, DL RSs for PL and closed-loop process. Once the spatial relation for SRS is updated by MAC-CE activation signaling again, reusing the previous RRC configured mapping between SRI codepoint and UL power control parameters may NOT be right.
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Figure 1 SP SRS activation/deactivation MAC CE, where Resource ID0 to IDN-3 is to configure the spatial relations corresponding to SRS resources of the semi-persistent SRS resource set. 
In order to enhance beam indication for PUSCH, the semi-persistent SRS is mandatory for NR in Rel-15 as follows.

	Agreement
· Support SP-SRS as mandatory with UE capability signalling


This makes the misalignment issue more serious. In order to solve this issue, in the SP SRS activation/deactivation MAC CE, the mapping information between SRI codepoint and indices of {p0, alpha}, DL RSs for PL and closed-loop process should be contained if the SRS resource set is used for codebook/noncodebook transmission, which is the same as RRC higher layer parameter SRI-PUSCH-PowerControl as follows.
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SRI-PUSCH-PowerControl SEQUENCE {
ri-PUSCH-PowerControlId SRI-PUSCH-PowerControlld,
sri-PUSCH-PathlossReferenceRS-Id  PUSCH-PathlossReferenceRS-Id,
ri-PO-PUSCH-AlphaSetId 20-PUSCH-AlphaSetld,

ri-PUSCH-ClosedLocpIndex ENUMERATED { 10, il }




Proposal-1: The mapping between SRI codepoint in DCI field and indices of {p0, alpha}, DL RSs for PL and closed-loop process should be contained in the SP SRS activation/deactivation MAC CE, if the SRS resource set is used for codebook/noncodebook transmission . 
· Send an LS to RAN2 for this change. 
TPC command issues
Issue #1: k2 is not specified as common configured value

	-
If the PUSCH transmission is in response to a detection by the UE of a DCI format 0_0 or DCI format 0_1, [image: image3.wmf]PUSCH
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If the PUSCH transmission is configured by higher layer parameter ConfiguredGrantConfig, [image: image7.wmf]PUSCH
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The higher layer parameter k2 could be configured by parameter pusch-TimeDomainAllocationList both in cell specific parameter PUSCH-ConfigCommon and in UE specific parameter PUSCH-Config. According to the agreement in RAN1#93 as shown below, k2 should be specified to the common configured value. Similarly, the corresponding explanation on PUCCH and SRS should be revised accordingly.
	Agreement:
K value for non-scheduled UL transmission is the minimum of the common configured K2 values of the associated BWP.

· Applies for both PUSCH and SRS
Working Assumption
For PUCCH, K value for non-scheduled UL transmission is the minimum of the common configured K2 values


TP-1: The text in the paragraph on the PUSCH power control in {38.213: 7.1.1
UE behaviour}.
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If the PUSCH transmission is configured by higher layer parameter ConfiguredGrantConfig, [image: image13.wmf]PUSCH
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TP-2: The text in the paragraph on the PUCCH power control in {38.213:7.2.1
UE behaviour}.

	-
If the PUCCH transmission is not in response to a detection by the UE of a DCI format 1_0 or DCI format 1_1, [image: image19.wmf]PUCCH
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TP-3: The text in the paragraph on the SRS power control in {38.213: 7.3.1
UE behaviour}.

	-
if the SRS transmission is semi-persistent or periodic, [image: image25.wmf]SRS
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Issue #2: Duplicated TPC command calculation
For group-common TPC command, the accumulation ending/starting time in one grant-based transmission is determined by its scheduling signaling, but the accumulation ending/starting time in one grant-free transmission is determined by the real transmission instance with one time offset associated with minimum k2. In current spec, the TPC command calculation is based on the calculation value for ilast transmission and TPC commands from ilast to i transmission, where ilast represent the last transmission. Consequently, grant free transmission has smaller K_PUSCH than that of grant based transmission which may cause duplicated calculation for one group-common TPC command. 
· For instance, as shown in figure 1, the blue blocks and green blocks below the line are grant based PUSCH transmissions and grant free PUSCH transmissions respectively. In i-1 transmission, the accumulative value f(i-1)=TPC1+TPC3. Then, considering the transmission i-1 to i, the time period after t3 but before t2 is null, so no grouped TPC command should be added, i.e., f(i)=TPC1+TPC3. But for PUSCH transmission i+1, the time period for grouped TPC command is t2~t4, so TPC3 is accumulated again, i.e., f(i+1) = TPC1+ TPC2 + 2*TPC3 +TPC4+TPC5.
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Figure 2  Duplicated TPC command calculation
Proposal-2: To solve the problem of duplicated TPC command calculation, adopt one of the following 3 options:

· Option1: Limit that grouped TPC command should not be accumulated more than once.

· Option2: For a reverse time period which is from a later time point to an earlier time point, the grouped TPC commands appeared in this period are subtracted from the accumulated value.

· Option3: Maintain closed loop power control adjustment by time unit, e.g. f(t), instead of by transmission index i. 

· update f(t) upon receiving a TPC command or just maintain the last value for the symbol without TPC command. 

· for a specific transmission i, use the latest f(t), or use a historical f(t1), where t is the time when the power of the transmission is determined and t1 is the time of scheduling DCI with UL grant for grant based transmission or t1 is the time of the corresponding transmission starting point minus a predefined time offset for grant free transmission.

PL RS once BWP switching

In case of BWP switching, one new BWP is configured with new power control parameters. But, the RS for PL measurement may be unavailable for the first UL transmission. Consequently, it should be specified which result of PL measurement is used for UL power control in the new BWP until the RS for PL measurement for the new BWP is measured by the UE.

Proposal-3: Down-select one of the following alternatives for PL RS in BWP switching
· Opt1: The DL RS for PL measurement of one latest UL transmission in the old BWP is re-used for PL estimation in the new BWP
· Opt2: Default SSB where UE obtain MIB is used for PL measurement in the new BWP, 

· Opt3: UE may not expect that UL channels or RSs in one new BWP are transmitted before receiving of one DL RS configured for PL measurement in the new BWP.

P0_UE_PUCCH before provided by higher layer

It has been specified that P0_UE_PUSCH should be 0 before provided by higher layer in [2]. But there is no description on how to assume the value of P0_UE_PUCCH before provided by higher layer. It happens at least for the PUCCH transmission which includes HARQ-ACK to Msg4 during random access procedure.
Proposal-4: P0_UE_PUCCH should be assumed as 0 before provided by higher layer.
3 UL power control-CA

P0_Nominal for virtual PHR calculation 

In RAN1 #92b meeting, the agreement about power control parameters for virtual PHR was reached as follows.

	Agreement
Default parameter setting for virtual PHR

How to set {j, qd, l}

· For j, P0alphasetindex = 0 of p0-pusch-alpha-setconfig
· For qd, pusch-pathlossreference-index = 0 of pusch-pathloss-Reference-rs
· For l, l =0
· Note: If the UE is configured with multiple UL BWPs, j, qd, l corresponding to lowest BWP ID are used


For j, P0alphasetindex = 0 of p0-pusch-alpha-setconfig only specifies the UE specific P0, while there is no agreement for cell specific P0. A resonable way is, if the {P0, alpha} with index of 0 is used for grant-free transmission, the cell-specific P0 for grant-free transmission should be used, otherwise cell-specific P0 for grant-based should be used. 
Proposal-5: Regarding the cell-specific P0 for virtual PHR, the cell-specific P0 for grant-free transmission should be used if P0alphasetindex = 0 is configured in higher layer parameter ConfiguredGrantConfig; otherwise, the cell-specific P0 for grant-based transmission should be used.
PL RS determining for cross carrier scheduling 

In NR, power control parameters are configured per BWP. In order to reduce overhead, RS for PL measurement could be shared among BWPs and CCs. How to indicate cross carrier scheduling info was discussed in RAN1 #93 meeting and a working assumption was made for PUCCH as follows.

	Working Assumption
Cross-carrier indication for power control parameters
· For PUCCH, if higher layer parameters “cell” and “bwp-Id” are included in the PUCCH-SpatialRelationInfo configuration:

· The reference signal corresponding to pathloss index ‘q_d’ included in PUCCH-SpatialRelationInfo is from the serving cell and active BWP indicated by the higher layer parameters “cell” and “bwp-Id”. 

Note: No RRC specification impact.


The scheme for PUSCH and SRS is TBD. 

Generally, there are the following 3 options to indicate cross carrier scheduling info for RS for PL measurement.

· Opt1, add a new parameter of reference CC index to power control parameters configuration

· Opt2, reuse pathlossReferenceLinking in ServingCellConfig 
· Opt3, reuse “cell” and “bwp-Id” for SpatialRelationInfo in SRS and PUCCH
Opt1 requires to add one new RRC parameter which may not be recommended in the current stage. Opt2 is a simple way to solve the problem, but it has not much flexibility. Opt 3 is easy to apply to PUCCH, since only one SpatialRelationInfo can be determined, but not good for SRS and PUSCH. 
· For SRS, power control parameters are configured per SRS resource set. SRS resource set is configured a one of the following usages: beam management (BM), antenna switching (AS), codebook based (CB), non-codebook based (NCB). SRS resource for BM and AS may not be configured with spatial relation, so Opt3 cannot be used. SRS resource set for CB and NCB may have more than one SRS resources, which one is used to obtain the CC index for PL is a problem. So opt3 is not a good choice for SRS. 

· For PUSCH, SRI is indicated in DCI and SRI refers to one or more SRS resources. SRS resource may or may not be configured with cell index, and non-codebook based PUSCH may be indicated more than one SRS resource, which makes opt3 is not proper for PUSCH.

Therefore, although opt2 has not much flexibility, it could be used for PUSCH and SRS for PL RS determining for cross carrier scheduling. In practice, PL RS determining for cross carrier scheduling may not need much flexibility.

If opt2 is the only way for PUSCH and SRS, it is better to adopt the same way for PUCCH.

Proposal-6: To reuse pathlossReferenceLinking in ServingCellConfig for PUSCH and SRS for PL RS determining for cross carrier scheduling. 
Proposal-7: To reuse pathlossReferenceLinking in ServingCellConfig for PUCCH for PL RS determining for cross carrier scheduling.
· Do NOT confirm the working assumption for PUCCH due to the serious restriction between cross-carrier beam indication and DL PL indication in terms of cross carrier scheduling. 

4 NR-NR DC

Framework of NR-NR DC 

In RAN Meeting #80, it was agreed to support NR-NR dual connectivity (DC) in Rel-15 with minimum RAN1 impact and no HW impact in [3]. 

In LTE, two mechanisms for NR-NR DC have been specified. 

· For PCM1 in LTE, two CGs are synchronous, when evaluating the power sharing result, the required power of all transmissions which are overlapped in time in both CGs are well known. So it is possible to determine the final power accurately for each transmission according to the priority. 
· For PCM2 in LTE, two CGs are asynchronous, when evaluating the final power, the required power of all transmissions of one CG are ready while the required power of the other CG cannot be anticipated, so power are first allocated per CG using certain schemes which could guarantee a certain potion power for the other CG and allow the residual power to be fully used by the first required power CG, then split among all the transmissions according to the priority within the CG. 

Since NR supports flexible scheduling delay, non-slot based frame structure, different numerology for CCs, and URLLC which has absolutely higher priority and very short scheduling delay, it is hard to see all the overlapped transmissions even within one CG. So even synchronous NR-NR DC can hardly support PCM1 in LTE. For asynchronous NR-NR DC the overlapping condition is more complicated than that of LTE PCM2. Consequently, a common framework for both synchronous and asynchronous NR-NR DC could be considered and it could take full use of merits of PCM1 and PCM2 in LTE with good forward compatibility. 
Some basic rules for NR-NR DC are listed as follows.

· A unified framework for both synchronized and asynchronized NR-NR DC could be considered 

· Two types of percentages can be configured for each CG, where one is a higher one called high percentage and the other is a lower one called low percentage. 

· The high percentage is used to solve the collision when both CG are requiring power more than its own high percentage, then each CG could be allocated power according to their own high percentage. But, when only one CG requires power higher than its high percentage, it could occupy more power only if the transmission power of other CG does not reach the corresponding high percentage. 

· The low percentage is used as guaranteed power portion. Similar to PCM2 in LTE, if it could be certain that there is no transmission in one CG during a period, the other CG could occupy the power as much as Pcmax, which means no guaranteed power used for subsequently transmissions for the other CG.

· The power should be determined per transmission, and the determination time is defined as an time offset before the first symbol of one transmission. 

· In LTE, transmissions are synchronous within one CG and it is not specified when to determine the power of these transmissions. But in NR, DCI with UL grant could reach at any symbol and the scheduling delay are various for different transmissions. The determination time is defined as an time offset before the starting point of the transmission, in order to guarantee UE getting as much information of the overlapped transmissions as possible. 

· Note: The time offset which is for applying power sharing scheme should depend on UE capability.
· After power determination, the subsequent transmissions could not affect the determined power of the transmission.
· Further study the case for ULRRC, which should have the higher priority in general.
Proposal-8: A unified framework for both synchronized and asynchronized NR-NR DC should be supported
· Two types of percentages can be configured for each CG, where the former is used for restricting the highest percentage when both CG are requiring higher transmission power, and the other is used for guaranteeing the lowest residual power for another CG. 

· The power should be determined per transmission, and the determination time is defined as an time offset before the first symbol of one transmission.

5 Conclusions
In this contribution, we analyzed the remaining issues on NR power control. Also proposals are summarized as follows.

Proposal-1: The mapping between SRI codepoint in DCI field and indices of {p0, alpha}, DL RSs for PL and closed-loop process should be contained in the SP SRS activation/deactivation MAC CE, if the SRS resource set is used for codebook/noncodebook transmission . 
· Send an LS to RAN2 for this change. 
Proposal-2: To solve the problem of duplicated TPC command calculation, adopt one of the following 3 options:

· Option1: Limit that grouped TPC command should not be accumulated more than once.

· Option2: For a reverse time period which is from a later time point to an earlier time point, the grouped TPC commands appeared in this period are subtracted from the accumulated value.

· Option3: Maintain closed loop power control adjustment by time unit, e.g. f(t), instead of by transmission index i. 

· update f(t) upon receiving a TPC command or just maintain the last value for the symbol without TPC command. 

· for a specific transmission i, use the latest f(t), or use a historical f(t1), where t is the time when the power of the transmission is determined and t1 is the time of scheduling DCI with UL grant for grant based transmission or t1 is the time of the corresponding transmission starting point minus an predefined time offset for grant free transmission.

Proposal-3: Down-select one of the following alternatives for PL RS in BWP switching
· Opt1: The DL RS for PL measurement of one latest UL transmission in the old BWP is re-used for PL estimation in the new BWP
· Opt2: Default SSB where UE obtain MIB is used for PL measurement in the new BWP, 

· Opt3: UE may not expect that UL channels or RSs in one new BWP are transmitted before receiving of one DL RS configured for PL measurement in the new BWP.

Proposal-4: P0_UE_PUCCH should be assumed as 0 before provided by higher layer.
Proposal-5: Regarding the cell-specific P0 for virtual PHR, the cell-specific P0 for grant-free transmission should be used if P0alphasetindex = 0 is configured in higher layer parameter ConfiguredGrantConfig; otherwise, the cell-specific P0 for grant-based transmission should be used.
Proposal-6: To reuse pathlossReferenceLinking in ServingCellConfig for PUSCH and SRS for PL RS determining for cross carrier scheduling. 
Proposal-7: To reuse pathlossReferenceLinking in ServingCellConfig for PUCCH for PL RS determining for cross carrier scheduling.
· Do NOT confirm the working assumption for PUCCH due to the serious restriction between cross-carrier beam indication and DL PL indication in terms of cross carrier scheduling. 

Proposal-8: A unified framework for both synchronized and asynchronized NR-NR DC should be supported
· Two types of percentages can be configured for each CG, where the former is used for restricting the highest percentage when both CG are requiring higher transmission power, and the other is used for guaranteeing the lowest residual power for another CG. 

· The power should be determined per transmission, and the determination time is defined as an time offset before the first symbol of one transmission.
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