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1 Introduction

This contribution discusses the following remaining issues on NR UL power control:

· Power control and power sharing for NR-NR DC

· Clarification on UE behavior for PHR on SUL/non-SUL
· Correction on UE behavior for accumulation of TPC command

· Correction on PUCCH power control formula
· Clarification on the RRC parameter, pathlossReferenceLinking
· Clarification on PH calculation for CA with different subcarrier spacing (SCS)
2 Power control and power sharing for NR-NR DC
The task of NR-NR Dual Connectivity is included in Rel-15 late drop [1]. The scope of Rel-15 NR-NR DC is as follows:
	· For SA (Option 2) only:
· NR-NR Dual connectivity aspects
· synchronous mode from physical layer aspects;

· Band combination(s) for FR1 + FR2;
· MCG fully in FR1 and SCG fully in FR2

· Common radio protocols and network interfaces applicable to both synchronous and asynchronous mode of operations.


From RAN1 perspective, [1] states that minimum RAN1 impact, no HW impact, and no PUCCH-SCell are design objectives.
Clarification on synchronous/asynchronous operation
Given that NR supports multiple numerologies/slot durations as well as various starting/ending transmission/reception positions within a slot, the debate on synchronous/asynchronous operation in RAN1 seems pointless. Rather, synchronous/asynchronous operation can be defined by RAN4. For example, current RAN4 spec, TS 38.133, specifies minimum requirements for EN-DC and NR CA in terms of maximum transmission timing difference, maximum receive timing difference, etc. Tables 1 and 2 summarize the maximum UL transmission timing difference requirements for inter-band EN-DC and inter-band NR CA, respectively. Note that the requirements are defined as a relative transmission timing difference either
· Between subframe timing boundary of E-UTRA PCell and slot timing boundaries of PSCell to be aggregated EN-DC (EN-DC) or
· Between slot timing of different carriers to be aggregated (NR CA).
Table 1: Maximum uplink transmission timing difference requirement for inter-band synchronous/asynchronous EN-DC [2]
	synchronous EN-DC
	asynchronous EN-DC

	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	35.21
	15
	15
	500

	15
	30
	35.21
	15
	30
	250

	15
	60
	35.21
	15
	60
	125

	15
	120 Note1
	35.21
	15
	120Note1
	62.5

	NOTE 1:
For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.


Table 2: Maximum transmission timing difference requirement for inter-band NR carrier aggregation [2]
	Frequency Range
	Maximum transmission timing difference (µs) 

	FR1
	35.21

	FR2
	8.5

	Between FR1 and FR2
	[TBD]


The requirements for inter-band NR CA between FR1 and FR2 can also be applicable for synchronous NR-NR DC and are a RAN4 topic.
Proposal 1: Clarify the synchronous NR-NR DC requirements in RAN4 specification (no RAN1 impact). 
Power control and power sharing for NR-NR DC

Power control for NR-NR DC consists of two parts, i.e., intra-CG power control and inter-CG power control/sharing. 

For intra-CG power control (either within MCG or within SCG), there is no reason to change current UL power control procedure.
Proposal 2: For intra-CG power control, apply prioritizations for transmission power reductions as specified in section 7.5 of TS38.213.
For inter-CG power control, two alternatives are considered subject to achieving the requirements of minimum RAN1 impact and no hardware impact;

· Alt.1: Introduce maximum available powers for MCG and SCG based on EN-DC

· Prioritizes power allocation to MCG.

· Reuses existing EN-DC power sharing procedure as much as possible.

· Power utilization across cell group can be inefficient, e.g.

· If maximum power on MCG is the total power, power availability on SCG cannot be guaranteed (can lead to dropped control, URLLC, etc. transmissions)

· If maximum power on MCG is less than total power, power utilization and coverage on MCG are always reduced (even when there is no transmission on SCG)
· Atl.2: Introduce minimum available powers for MCG and SCG based on LTE DC
· Guarantees minimum available power on SCG

· Can prioritize left-over power allocation to MCG (sub-optimal but also much simpler than power allocation in LTE DC)

· Specification requirements are expected to be similar to Alt.1.

Either alternative can be considered under the objective of minimum RAN1 impact and no hardware impact.

Proposal 3: For NR-NR inter-CG power sharing, consider the following alternatives
· Atl.1: Introduce maximum available powers and apply UL power sharing by prioritizing power allocation to MCG based on EN-DC as specified in TS38.213.
· Alt.2: Introduce minimum available powers and apply UL power sharing by prioritizing remaining power allocation to MCG.
3 Correction on UE behavior for PHR on SUL/non-SUL
In UE feature discussion, the following has been agreed [3]:

	 Features
	#
	Feature group

	
	6-19
	Simultaneous transmission of SRS on an SUL/non-SUL and PUSCH/PUCCH/SRS/PRACH on the other UL carrier in the same cell


According to the above, a UE can be configured with two UL carriers for a serving cell and the UE can simultaneously transmit PUSCH on SUL/non-SUL and SRS on the other UL carrier in the same cell. In such a case, the UE may need to report both Type 1 PH and Type 3 PH. However, current MAC-CE for PHR does not distinguish non-SUL and SUL for a serving cell, i.e., PHR is cell-specific [4] and UE cannot report both Type 1 PH and Type 3 PH for the serving cell. So, if PUSCH transmission occurs at one UL carrier and SRS transmission occurs at the other UL carrier, and if both Type 1 PH and Type 3 PH are triggered, the UE behavior on whether Type 1 PH or Type 3 PH is reported needs to be determined.

One approach is to revise current MAC-CE design and support both Type 1 PHR and Type 3 PHR for a serving cell. Obviously, there is impact on RAN2 specification and it is not desirable. Another approach is to define the UE behavior such as the UE reports only Type 1 PH. We prefer the latter approach due to its simplicity as the overall issue is not critical.
Observation  1: Depending on UE capability, it is possible for a UE to transmit PUSCH at SUL/non-SUL carrier and SRS on the other UL carrier in the same cell. In such as case, if PHR is triggered, UE’s behavior regarding which type of PH to report is not clear, i.e., to report both Type 1 PH and Type 3 PH, or to report either Type 1 PH or Type 3 PH.

Proposal  4: If a UE is configured with two UL carriers for a serving cell and UE determines that Type 1 power headroom report for the serving cell is based on an actual PUSCH transmission and Type 3 power headroom report for the serving cell is based on an actual SRS transmission, the UE provides the Type 1 power headroom report.

4 Correction on UE behavior for accumulation of TPC command
This section discusses UE’s behavior for accumulation of TPC commands for PUSCH and PUCCH.

PUSCH

In Section 7.1.1 of TS 38.213, the following UE behavior for PUSCH regarding accumulation of TPC commands is specified [5]:
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The above description is illustrated in Figure 1. There are two different cases depending on when the UE receives PDCCH, i.e., after PUSCH transmission in occasion ilast or before PUSCH transmission in occasion ilast. According to the UE behavior in the current TS 38.213, the UE has to accumulate δPUSCH values carried on DCI formats 2_2 received from the red line to blue line. However, as shown in Figure 1(b), if DCI format 0_0 or DCI format 0_1 reception is followed by PUSCH transmission in occasion ilast, the UE behavior on TPC accumulation is not clear because there is no intersection between ‘after’ and ‘before’. So, the UE behavior for this case should be clarified. A corresponding Text proposal to fix this problem is provided in Appendix A.
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	(a) Case 1: PUSCH transmission in occasion ilast is followed by DCI format 0_0 or DCI format 0_1 reception
	(b) Case 2: DCI format 0_0 or DCI format 0_1 reception is followed by PUSCH transmission in occasion ilast


Figure 1: Accumulation of TPC commands for PUSCH
Observation  2: If DCI format 0_0 or DCI format 0_1 reception is followed by PUSCH transmission in occasion ilast, there is no intersection between ‘after’ and ‘before’ as shown in Figure 1(b).
Proposal  5: If DCI format 0_0 or DCI format 0_1 reception is followed by PUSCH transmission in occasion ilast, M is set to 0. A corresponding Text Proposal is provided in Appendix A.

PUCCH

In Section 7.2.1 of TS38.213, the following UE behavior for PUCCH regarding accumulation of TPC commands is specified [5]:

	-
if the PUCCH transmission occasions [image: image20.wmf]i

 and [image: image21.wmf]last

i

 on UL BWP [image: image22.wmf]b

 of carrier [image: image23.wmf]f

 of serving cell [image: image24.wmf]c

 are in response to detection by the UE of DCI format(s) 1_0 or DCI format(s) 1_1, [image: image25.wmf]M

 is a number of DCI formats 2_2 with CRC scrambled by a TPC-PUCCH-RNTI that the UE receives corresponding PDCCHs

-
after a last symbol of a corresponding PDCCH for PUCCH transmission occasion [image: image26.wmf]last

i

, and

-
before a last symbol of a corresponding PDCCH for PUCCH transmission occasion [image: image27.wmf]i

 

-
if the PUCCH transmission occasion [image: image28.wmf]i

 on UL BWP [image: image29.wmf]b

 of carrier [image: image30.wmf]f

 of serving cell [image: image31.wmf]c

 is in response to detection by the UE of DCI format 1_0 or DCI format 1_1 and the PUCCH transmission occasion [image: image32.wmf]last

i

 on UL BWP [image: image33.wmf]b

 of carrier [image: image34.wmf]f

 of serving cell [image: image35.wmf]c

 is not in response to detection by the UE of DCI format 1_0 or DCI format 1_1, [image: image36.wmf]M

 is a number of DCI formats 2_2 with CRC scrambled by a TPC-PUCCH-RNTI that the UE receives corresponding PDCCHs 

-
after a number of [image: image37.wmf]min

PUCCH,

K

 symbols before a first symbol for PUCCH transmission occasion [image: image38.wmf]last

i

, where [image: image39.wmf]min

PUCCH,

K

 is equal to the product of a number of symbols per slot, [image: image40.wmf]slot

symb

N

, and the minimum of the values provided by higher layer parameter k2 and for UL BWP [image: image41.wmf]b

 of carrier [image: image42.wmf]f

 of serving cell [image: image43.wmf]c

, and 

-
before a last symbol of a corresponding PDCCH for PUCCH transmission occasion [image: image44.wmf]i

 


There are two different scenarios in the above description. Scenario 1: PUCCH transmissions in occasion i and in occasion ilast are in response to DCI format 1_0 or DCI format 1_1 detection. Scenario 2: PUCCH transmission in occasion i is in response to DCI format 1_0 or DCI format 1_1 detection but PUCCH transmission in occasion ilast is not in response to DCI format 1_0 or DCI format 1_1 detection. 

Scenario 1 is shown in Figure 2 where there are two different cases depending on when the UE receives PDCCH-2, i.e., after PUCCH transmission in occasion ilast or before PUCCH transmission in occasion ilast. According to UE’s behavior in the current TS 38.213, UE has to accumulate δPUSCH values carried on DCI formats 2_2 received from the red line to blue line. In these two cases, the UE behavior is clear. 
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	(a) Case 1: PUCCH transmission in occasion ilast is followed by DCI format 0_0 or DCI format 0_1 reception (PDCCH-2)
	(b) Case 2: DCI format 0_0 or DCI format 0_1 reception (PDCCH-2) is followed by PUCCH transmission in occasion ilast


Figure 2: Accumulation of TPC commands for PUCCH in Scenario 1 where PDCCH-1 for earlier PUCCH transmission is followed by PDCCH-2 for later PUCCH transmission
However, as shown in Figure 3, there is another case in Scenario 1 where the UE receives PDCCH-1 for later PUCCH transmission earlier than PDCCH-2 for earlier PUCCH transmission. In such case, the UE behavior is not clear because there is no intersection between ‘after’ and ‘before’. A corresponding Text proposal to fix this problem is provided in Appendix B.
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Figure 3: Accumulation of TPC commands for PUCCH in Scenario 1 where UE receives PDCCH-1 for later PUCCH transmission earlier than PDCCH-2 for earlier PUCCH transmission
Observation  3: If UE receives PDCCH for later PUCCH transmission earlier than PDCCH for later PUCCH transmission, there is no intersection between ‘after’ and ‘before’ as shown in Figure 3.
Proposal  6: If UE receives PDCCH for later PUCCH transmission earlier than PDCCH for later PUCCH transmission, M is set to 0. A corresponding Text Proposal is provided in Appendix B.

Scenario 2 is illustrated in Figure 4 where there are two different cases depending on when the UE receives PDCCH, i.e., after PUCCH transmission in occasion ilast or before PUCCH transmission in occasion ilast. According to the UE behavior in the current TS 38.213, the UE has to accumulate δPUSCH values carried on DCI formats 2_2 received from the red line to blue line. However, the same problem as shown in Figure 1(b) applies for Figure 4(b). A corresponding Text proposal to fix this problem is provided in Appendix B.
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	(a) Case 1: PUCCH transmission in occasion ilast is followed by DCI format 0_0 or DCI format 0_1 reception
	(b) Case 2: DCI format 0_0 or DCI format 0_1 reception is followed by PUCCH transmission in occasion ilast


Figure 4: Accumulation of TPC commands for PUCCH in Scenario 2
Observation  4: If DCI format 0_0 or DCI format 0_1 reception is followed by PUCCH transmission in occasion ilast, there is no intersection between ‘after’ and ‘before’ as shown in Figure 4(b).
Proposal  7: If DCI format 0_0 or DCI format 0_1 reception is followed by PUCCH transmission in occasion ilast, M is set to 0. Corresponding Text Proposal is provided in Appendix B.

5 Correction on PUCCH power control formula
In LTE, 1-bit and 2-bit HARQ-ACK information are transmitted by using different PUCCH formats, i.e., PUCCH format 1a and PUCCH format 1b, respectively. The additional 3 dB SINR required to achieve the same BLER for 2-bit HARQ-ACK for for 1-bit HARQ-ACK is provided by by ΔF_PUCCH that is 3 dB for PUCCH format 1b (0 dB for PUCCH format 1a). SR transmission is by PUCCH format 1.
In NR, a same PUCCH format is used to transmit 1 or 2 UCI (HARQ-ACK and/or SR) bits.  As a result, unlike for UCI payloads above 2 bits with PUCCH formats 2/3/4, for PUCCH formats 0/1 the transmission power does not consider whether the UCI payload is 1 or 2 bits (e.g., for PUCCH format 1 and HARQ-ACK, same transmission power is used for 1 bit and 2 bits). A simple fix is to add a 10log10(OUCI) factor in the ΔTF for PUCCH formats 0 and 1.

Proposal 8: For PUCCH format 0 and PUCCH format 1, 10log10(OUCI) factor is added in ΔTF,b,f,c (i).
6 Clarification on the RRC parameter, pathlossReferenceLinking
LTE adopts the RRC parameter pathlossReferenceLinking to link pathloss of SCells to pathloss of PCell/PSCell. In NR, the list of PHY related RRC parameters was sent to RAN2 from RAN1 in RAN1#90bis [6] and it included pathlossReferenceLinking. According to this, RAN2 retained pathlossReferenceLinking in TS38.331 as shown below but there is no description about it in current TS38.213. 
A NR-UE can be configured with multiple BWPs and measure DL pathloss by using SSB or CSI-RS based on gNB configuration. So, to link pathloss of SCells to pathloss of PCell/PSCell, BWP ID and index of pathloss reference RS need to be included in pathlossReferenceLinking.
ServingCellConfig information element

ServingCellConfig ::=

SEQUENCE {

<unrelated parts omitted>


pathlossReferenceLinking
ENUMERATED {pCell, sCell}

OPTIONAL,
-- Cond SCellOnly

}
	pathlossReferenceLinking
Indicates whether UE shall apply as pathloss reference either the downlink of PCell or of SCell that corresponds with this uplink (see 38.213, section 7)


Proposal 9: RAN1 supports the RRC parameter pathlossReferenceLinking for PUSCH, and BWP ID and index of pathloss reference RS are added in pathlossReferenceLinking.
7 Clarification on PHR calculation for CA with different SCS
In RAN1#93 meeting, the following was agreed [7]:

	Agreement
In case of UL CA with different SCSs, when the slot of the UL transmission carrying the PHR overlaps with the slot on CC with higher SCS, the PH of the first slot with higher SCS that fully overlaps with the slot with the lower SCS is reported.


When slot-based PUSCH is scheduled, there is at most one PUSCH scheduled in one slot, and PUSCH is started from the first OFDM symbol of the slot. On the other hand, when non-slot-based PUSCH is scheduled, it would be possible that there is more than one PUSCHs scheduled in one slot, and PUSCH can start from any OFDM symbol of the slot. So, based on scheduling mode of PUSCH carrying PHR and PUSCH used for PHR calculation, four cases can be categorized as follows:
    - Case 1: CC carrying PHR is slot-based, CC for PHR calculation is slot-based;

    - Case 2: CC carrying PHR is slot-based, CC for PHR calculation is non-slot based;

    - Case 3: CC carrying PHR is non-slot based, CC for PHR calculation is slot-based;

- Case 4: CC carrying PHR is non-slot based, CC for PHR calculation is non-slot based.
The above agreement can be applied Case 1 and Case 2 but for the Case 2 and Case 4, UE behavior is not clear regarding PH calculation for CA with different SCSs when CC for PHR calculation is non-slot based, and some views are proposed.
Case 2 
When different SCSs are used among the CCs, as shown in Figure 5, the slot length of the PHR-carrying CC is larger than the other aggregated CC, the slot carrying PHR will overlap with multiple slots of CC for PHR calculation. As more than one PUSCH of PHR calculation CC can be scheduled in one slot, it is reasonable to use the PUSCH including first OFDM symbol of the first slot in PHR calculation CC overlapped with the slot carrying PHR to calculate the PH.
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Figure 5: The slot length of the PHR-carrying CC is larger than the other aggregated CC in Case 2
When different SCSs are used among the CCs, as shown in Figure 6, the slot length of the PHR-carrying CC is smaller than the other aggregated CC, the slot carrying PHR will overlap with only one slot of CC for PHR calculation. As more than one PUSCH of PHR calculation CC can be scheduled in one slot, it is reasonable to use the PUSCH including first OFDM symbol of the slot of PHR calculation CC overlapped with the slot carrying PHR is used to calculate the PH.
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Figure 6: The slot length of the PHR-carrying CC is smaller than the other aggregated CC in Case 2
Case 4 
When different SCSs are used among the CCs, as shown in Figure 7, the slot length of the PHR-carrying CC is larger than the other aggregated CC, the slot carrying PHR will overlap with multiple slots of CC for PHR calculation. As more than one PUSCH of PHR calculation CC can be scheduled in one slot, it is reasonable to use the PUSCH including first OFDM symbol of the first slot of PHR calculation CC overlapped with the slot carrying PHR to calculate the PH.
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Figure 7: The slot length of the PHR-carrying CC is larger than the other aggregated CC in Case 4
When different SCSs are used among the CCs, as shown in Figure 8, the slot length of the PHR-carrying CC is smaller than the other aggregated CC, the slot carrying PHR will overlap with only one slot of CC for PHR calculation. As more than one PUSCH of PHR calculation CC can be scheduled in one slot, it is reasonable to use the PUSCH including first OFDM symbol of the slot of PHR calculation CC overlapped with the slot carrying PHR is used to calculate the PH.
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Figure 8: The slot length of the PHR-carrying CC is smaller than the other aggregated CC in Case 4
Proposal 10: If CC for PHR calculation is non-slot based, the PUSCH including first OFDM symbol of the first slot of PHR calculation CC overlapped with the slot carrying PHR is used to calculate PHR.
8 Conclusion

In this contribution, we have discussed remaining issues on NR UL power control and the following are proposed:

Power control and power sharing for NR-NR DC
Proposal 1: Clarify the synchronous NR-NR DC requirements in RAN4 specification (no RAN1 impact). 
Proposal 2: For intra-CG power control, apply prioritizations for transmission power reductions as specified in section 7.5 of TS38.213.
Proposal 3: For NR-NR inter-CG power sharing, consider the following alternatives
· Atl.1: Introduce maximum available powers and apply UL power sharing by prioritizing power allocation to MCG based on EN-DC as specified in TS38.213.
· Alt.2: Introduce minimum available powers and apply UL power sharing by prioritizing remaining power allocation to MCG.
Clarification on UE behavior for PHR on SUL/non-SUL
Proposal  4: If a UE is configured with two UL carriers for a serving cell and UE determines that Type 1 power headroom report for the serving cell is based on an actual PUSCH transmission and Type 3 power headroom report for the serving cell is based on an actual SRS transmission, the UE provides the Type 1 power headroom report.
Correction on UE behavior for accumulation of TPC command
Proposal  5: If DCI format 0_0 or DCI format 0_1 reception is followed by PUSCH transmission in occasion ilast, M is set to 0. A corresponding Text Proposal is provided in Appendix A.
Proposal  6: If UE receives PDCCH for later PUCCH transmission earlier than PDCCH for later PUCCH transmission, M is set to 0. A corresponding Text Proposal is provided in Appendix B.
Proposal  7: If DCI format 0_0 or DCI format 0_1 reception is followed by PUCCH transmission in occasion ilast, M is set to 0. Corresponding Text Proposal is provided in Appendix B.

Correction on PUCCH power control formula
Proposal 8: For PUCCH format 0 and PUCCH format 1, 10log10(OUCI) factor is added in ΔTF,b,f,c (i).
Clarification on the RRC parameter, pathlossReferenceLinking
Proposal 9: RAN1 supports the RRC parameter pathlossReferenceLinking for PUSCH, and BWP ID and index of pathloss reference RS are added in pathlossReferenceLinking.

Clarification on PHR calculation for CA with different subcarrier spacing (SCS)
Proposal 10: If CC for PHR calculation is non-slot based, the PUSCH including first OFDM symbol of the first slot of PHR calculation CC overlapped with the slot carrying PHR is used to calculate PHR.
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Appendix A
Text proposal for section 7.1.1 in TS38.213

------------------------------------------ Start of Text Proposal -------------------------------------------
7.1.1
UE behaviour

<*** Unchanged parts omitted ***>
-
if the PUSCH transmission occasion [image: image54.wmf]i
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-
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 is set to 0. 

<*** Unchanged parts omitted ***>
------------------------------------------ End of Text Proposal -------------------------------------------
Appendix B
Text proposal for section 7.2.1 in TS38.213

------------------------------------------ Start of Text Proposal -------------------------------------------
7.2.1
UE behaviour

<*** Unchanged parts omitted ***>
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