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1	Introduction
The following email discussion was approved for RAN1#100b-e [24]:
[100b-e-NR-L1enh-URLLC-PUSCH-01] Email approval of TP for the previous agreement:
· For PUSCH repetition Type B, PUSCH transmit power is determined based on the nominal repetition duration.
based on the submitted contributions till 4/23 (Apple, Sigen)
This contribution documents the discussion and the outcome.
2	TP for transmit power for PUSCH repetition Type B
It has been agreed in RAN1#100-e that:
Agreements:
For PUSCH repetition Type B, PUSCH transmit power is determined based on the nominal repetition duration.
But no TP was agreed due to no sufficient time for companies to carefully investigate the potential impact of different alternatives.
Here is a high level summary of how companies think this agreement should be captured (detailed TPs can be found in the corresponding contributions):
· Transmit power is defined for each nominal repetition
· ZTE[2], Nokia/NSB[4], Panasonic[8] (including power control adjustment, PHR calculation), Samsung[13] (including power control adjustment and PHR calculation), QC[22] (including PHR calculation)
· CATT[12]
· Rel-15 behavior is not clear in terms of whether a transmission occasion includes all repetitions or not.
· Rel-16 transmit power can be defined either for a nominal repetition or for all the repetitions, depending on how Rel-15 behavior is interpreted.
· Ericsson[6]: TP to clarify the duration and the RS overhead.
· FL comments: it doesn’t seem necessary to clarify the meaning of C and K_r as they do not depend on whether it is nominal or actual repetition?
· Panasonic[8]: P_CMAX would need to be clarified when a nominal repetition goes across slot boundary.
Majority companies think the transmit power for PUSCH repetition Type B should be defined for each nominal repetition, including the power control adjustment, and PHR calculation, except that:
· CATT prefers that the transmit power is defined for all the nominal repetitions.
· FL comments: It seems clear that the transmission occasion in Rel-15 only refers to one repetition in case of slot aggregation, as it defines the transmission occasion with S and L, and it is not possible to use S and L to refer to all the repetitions of slot aggregation.
· Panasonic raised the question how to define P_CMAX when a nominal repetition goes across slot boundary.
In addition, it is a bit unclear whether a nominal repetition going across slot boundary would cause any issue/complication in Clause 7.5 (Prioritization for transmission power reduction), when the UE reaches maximum power. For example, does it mean that the transmit power of a nominal repetition is determined based on the channels in the first slot?
Therefore, two alternative TPs are proposed here. Proposal 1 defines a transmission occasion as a nominal repetition, and Proposal 2 defines a transmission occasion as an actual repetition. Companies please share your views whether defining a transmission occasion as a nominal repetition is sufficient.
Proposal 1:
Adopt the following TP to TS 38.213:
	TP to TS 38.213, Sec. 7.1.1
7	Uplink Power control
Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions. 
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by IE SRS-Positioning-Config as described in Clause 7.3.1.
A PUSCH/PUCCH/SRS/PRACH transmission occasion [image: ] is defined by a slot index [image: ] within a frame with system frame number [image: ], a first symbol [image: ] within the slot, and a number of consecutive symbols [image: ]. For PUSCH with repetition Type B, a PUSCH transmission occasion is a nominal repetition, as described in [6, TS 38.214 Clause 6.1.2].
<omitted text>



Proposal 2:
Adopt the following TP to TS 38.213:
	TP to TS 38.213, Sec. 7
7	Uplink Power control
Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions. 
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by IE SRS-Positioning-Config as described in Clause 7.3.1.
A PUSCH/PUCCH/SRS/PRACH transmission occasion [image: ] is defined by a slot index [image: ] within a frame with system frame number [image: ], a first symbol [image: ] within the slot, and a number of consecutive symbols [image: ]. For PUSCH with repetition Type B, a PUSCH transmission occasion is an actual repetition, as described in [6, TS 38.214 Clause 6.1.2].
7.1	Physical uplink shared channel
<omitted text>
7.1.1	UE behaviour
If a UE transmits a PUSCH on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] using parameter set configuration with index [image: ] and PUSCH power control adjustment state with index [image: ], the UE determines the PUSCH transmission power [image: ] in PUSCH transmission occasion [image: ] as
[image: ] [dBm]
where,
<omitted text>
-	[image: ] for [image: ] and [image: ] for [image: ] where [image: ] is provided by deltaMCS for each UL BWP [image: ] of each carrier [image: ] and serving cell [image: ]. If the PUSCH transmission is over more than one layer [6, TS 38.214], [image: ]. [image: ] and [image: ], for active UL BWP [image: ] of each carrier [image: ] and each serving cell [image: ], are computed as below
-	[image: ] for PUSCH with UL-SCH data and [image: ] for CSI transmission in a PUSCH without UL-SCH data, where
-	[image: ] is a number of transmitted code blocks, [image: ] is a size for code block [image: ], and [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of symbols for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] in case of PUSCH repetition Type A, or a number of symbols for the corresponding nominal PUSCH repetition on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] in case of PUSCH repetition Type B, [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ], [image: ], and [image: ], [image: ] are defined in [5, TS 38.212]
<omitted text>



Companies please indicate which one you support in principle.
	Proposal 1
	Nokia / NSB, Samsung, Panasonic, CATT, Sony, QC, vivo, ZTE, DOCOMO, Apple, LG, Huawei/HiSilicon

	Proposal 2
	 


 

Companies please provide detailed comments, if any.
· Please also provide comments if you think the other proposal has technical issues. (This may help us converge faster.)
	Company
	Comments

	Nokia / NSB
	We think the TPC should be based on the nominal repetition as agreed as much as possible. For the cross-slot issue we may consider some changes would be required (e.g. specifically in Sec. 7.5) we could discuss this in the next phase of email discussions here. 

	Samsung
	We share similar views with Nokia. So far, we haven’t seen any issue caused by cross-slot of nominal repetition. Regarding on P_CMAX, in RAN 4 spec, in our understanding, it is for testing other than a definition. It is not a value but a range for UE to set. The parameters calculated for the lower and upper bound are configured by RRC or related to the TB to transmit. On the other hand, from implementations point of view, there is no issue for UE to keep TX power the same when a nominal repetition are cross slot boundary.  But we are also open to discuss further if any issue is identified. 

	Panasonic
	We also think that TPC should be based on the nominal repetition. On Pcmax, we agree with Samsung that the actual power reduction by Pcmax is within MPR range. UE may not use the maximum power reduction if UE has good PA. Within the range, what value is taken is up to UE implementation. Then, even in the case nominal repetition is cross the slot boundary, Pcmax can be the same value with more stringent requirement considering the resource allocation difference between multiple slots. How much stringent requirement is applied is up to RAN4. If stringent requirement is acceptable, we think no clarification is necessary in RAN1 on Pcmax definition.

	CATT
	We also prefer to define a transmission occasion as a nominal repetition. In addition, we would like to clarify that the DMRS overhead is calculated assuming no segementation as proposed for TBS determination in the other email thread.
[image: ] is a number of transmitted code blocks, [image: ] is a size for code block [image: ], and [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of symbols for one PUSCH repetition (nominal repetition for PUSCH repetition type B) of  PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ] assuming no segmentation for nominal repetition for PUSCH repetition type B, [image: ], and [image: ], [image: ] are defined in [5, TS 38.212]
[Update] Fine with proposal 1a.

	QC
	Share same view as Nokia and CATT. The agreement is clear to us on how transmit power is calculated for PUSCH repetition type B. 

	vivo
	Share same view as Nokia. We think power control for PUSCH should base on nominal repetition, including P_CMAX, closed-loop power adjustment, power reduction and PHR calculation.

	ZTE
	We share with Samsung that P_CMAX in RAN4 is mainly for evaluation purpose to ensure the TX power within a reasonable range. If we agree to derive TX power based on nominal repetition in RAN1 and if a repetition goes across slot, our understanding is that the TX power of each segmentation due to crossing slot will be also the same for the evaluation in RAN4. But we don't see any issue here. 

	LG
	We also think PUSCH power control should be derived by nominal repetition as agreed. One concern is PUSCH transmission occasion i defined in slot-level, however, the specification seems already defined well. 
A PUSCH/PUCCH/SRS/PRACH transmission occasion [image: ] is defined by a slot index [image: ] within a frame with system frame number [image: ], a first symbol [image: ] within the slot, and a number of consecutive symbols [image: ].
 
According to above description, if PUSCH TO i has first symbol of the PUSCH in the slot n, we could PUSCH TO i is corresponding to slot n regardless of L. 

	OPPO
	We share similar views with Nokia.

	Huawei/HiSi
	Defining a transmission occasion as nominal repetition as the principle as shown in proposal 1 should be sufficient, even considering P_CMAX. In addition, as to the proposed further clarification from CATT, we think at least the second change “assuming no segmentation..” should be included, as to the first change with what we have in proposal 1 it seems ok even without it. In addition, share similar view as Nokia that we may need some clarification in section 7.5 also. 

	Ericsson
	Regarding the TP to section 7: we prefer not to include. Defining the meaning of PUSCH transmission occasion for PUSCH repetition Type B in section 7 implies changes to other parts of section 7, e.g. the power headroom report in section 7.7 which would now use the new definition of PUSCH transmission occasion. It also applies to other parts of section 7.1.1, e.g. the definition of fb,f,c(i,l) which would change if the definition of PUSCH transmission occasion is changed. Therefore we prefer to have only local changes to the definition, within the specific sub-bullet for delta.
 
Regarding the proposal 1, 1a and 2, we have concern and suggest Proposal 3 instead.
Specifically for proposal 1a, it still has the following problems:
· [image: ] is according to actual repetition length (“PUSCH transmission i”). However, it should be the nominal repetition length, even when segmentation is applied for Type B.
· The index j starts counting at j=0, and proposal 1a is unclear about what j=0 (and subsequent j values) refers to when segmentation occurs in Type B. Proposal 1a seems to uses j=0 twice, referring to the 1st OFDM symbol in each actual repetition when segmentation occurs. However, the correct understanding should be that j=0 only refers to the first OFDM symbol in a nominal repetition, i.e., not the first OFDM symbol in an actual repetition especially for the 2nd actual repetition (if segmented).
 
Proposal 3:
For PUSCH repetition Type B,  [image: ] is a number of resource elements determined as  [image: ], where [image: ] is a number of symbols for a corresponding nominal PUSCH transmission occasion on active UL BWP [image: ] of carrier [image: ] of serving cell  [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ], [image: ], and [image: ], [image: ] are defined in [5, TS 38.212] that consists of a single actual repetition as defined in [6, TS 38.214]



It is updated to the following based on the comments.


Proposal 1a:
Adopt the following TP to TS 38.213:
	TP to TS 38.213, Sec. 7
7	Uplink Power control
Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions. 
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by IE SRS-Positioning-Config as described in Clause 7.3.1.
A PUSCH/PUCCH/SRS/PRACH transmission occasion [image: ] is defined by a slot index [image: ] within a frame with system frame number [image: ], a first symbol [image: ] within the slot, and a number of consecutive symbols [image: ]. For PUSCH with repetition Type B, a PUSCH transmission occasion is a nominal repetition, as described in [6, TS 38.214 Clause 6.1.2].
7.1	Physical uplink shared channel
<omitted text>
7.1.1	UE behaviour
If a UE transmits a PUSCH on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] using parameter set configuration with index [image: ] and PUSCH power control adjustment state with index [image: ], the UE determines the PUSCH transmission power [image: ] in PUSCH transmission occasion [image: ] as
[image: ] [dBm]
where,
<omitted text>
-	[image: ] for [image: ] and [image: ] for [image: ] where [image: ] is provided by deltaMCS for each UL BWP [image: ] of each carrier [image: ] and serving cell [image: ]. If the PUSCH transmission is over more than one layer [6, TS 38.214], [image: ]. [image: ] and [image: ], for active UL BWP [image: ] of each carrier [image: ] and each serving cell [image: ], are computed as below
-	[image: ] for PUSCH with UL-SCH data and [image: ] for CSI transmission in a PUSCH without UL-SCH data, where
-	[image: ] is a number of transmitted code blocks, [image: ] is a size for code block [image: ], and [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of symbols for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ] (assuming no segmentation for a nominal repetition in case of PUSCH repetition type B), [image: ], and [image: ], [image: ] are defined in [5, TS 38.212]
<omitted text>




3	Agreed TP
[bookmark: _Toc415085486][bookmark: _Toc503902285]The TP for TS 38.213 Section 7 below was agreed.
Reason for changes:
It was agreed in RAN1#100-e that “For PUSCH repetition Type B, PUSCH transmit power is determined based on the nominal repetition duration.”
Summary of changes:
Specify that PUSCH transmit power is determined based on the nominal repetition duration.
Specs/sections impacted:
TS 38.213 Section 7
Consequences if not approved:
PUSCH transmit power for PUSCH repetition Type B is not clearly defined.

Agreements:
Adopt the following TP to TS 38.213:
	TP to TS 38.213, Sec. 7
7	Uplink Power control
Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions. 
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by IE SRS-Positioning-Config as described in Clause 7.3.1.
A PUSCH/PUCCH/SRS/PRACH transmission occasion [image: ] is defined by a slot index [image: ] within a frame with system frame number [image: ], a first symbol [image: ] within the slot, and a number of consecutive symbols [image: ]. For PUSCH with repetition Type B, a PUSCH transmission occasion is a nominal repetition, as described in [6, TS 38.214 Clause 6.1.2].
7.1	Physical uplink shared channel
<omitted text>
7.1.1	UE behaviour
If a UE transmits a PUSCH on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] using parameter set configuration with index [image: ] and PUSCH power control adjustment state with index [image: ], the UE determines the PUSCH transmission power [image: ] in PUSCH transmission occasion [image: ] as
[image: ] [dBm]
where,
<omitted text>
-	[image: ] for [image: ] and [image: ] for [image: ] where [image: ] is provided by deltaMCS for each UL BWP [image: ] of each carrier [image: ] and serving cell [image: ]. If the PUSCH transmission is over more than one layer [6, TS 38.214], [image: ]. [image: ] and [image: ], for active UL BWP [image: ] of each carrier [image: ] and each serving cell [image: ], are computed as below
-	[image: ] for PUSCH with UL-SCH data and [image: ] for CSI transmission in a PUSCH without UL-SCH data, where
-	[image: ] is a number of transmitted code blocks, [image: ] is a size for code block [image: ], and [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of symbols for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ] (assuming no segmentation for a nominal repetition in case of PUSCH repetition type B), [image: ], and [image: ], [image: ] are defined in [5, TS 38.212]
<omitted text>
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