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1. Introduction
In RAN1 107-e meeting, several agreements about PUCCH have been achieved, detailed mechanism about frequency hopping with DMRS bundling was discussed as well, which can be summarized as follows:
	Agreement: 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE performs the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering, based on the following option 1.
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· DMRS bundling shall be restarted at the beginning of each frequency hop
· DMRS bunding is per actual TDW
· FFS: Frequency hopping pattern is determined by physical slot indices.
· FFS: different FH pattern determination for PUCCH and PUSCH
· FFS: details of FH pattern design
· Support separate RRC configuration(s) for hopping interval and configured TDW length. 
· if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
· FFS: if both hopping interval and TDW length are not configured
· Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured


In this contribution, we will further discuss the remaining issues of the PUCCH enhancement based on above conclusions.

2. Dynamic indication of PUCCH repetition
{2,4,8} has been supported as PUCCH repetition numbers for ‘PUCCH-nrofSlotsr17’. And how to support PUCCH repetition factor 1 is discussed in previous meetings. Based on previous agreements, repetition factor follows ‘nrofSlots’ if ‘PUCCH-nrofSlotsr17’ is absent. If ‘nrofSlots’ is absent, PUCCH repetition is not enabled. Hence, PUCCH repetition factor of 1 can be realized when both ‘PUCCH-nrofSlotsr17’ for the PUCCH resource and ‘nrofSlots’ for the PUCCH format are absent.
[bookmark: PP1]Proposal 1: Dynamic indication of 1 PUCCH repetition can be realized when both ‘PUCCH-nrofSlotsr17’ and ‘nrofSlots’ are absent.

3. DMRS bundling for PUCCH
One remaining issue is whether the RRC parameters ‘PUCCH-DMRS-Bundling’ and ‘PUCCH-TimeDomainWindowLength’ are configured per UL BWP or per resource format. There are 5 PUCCH formats, and PUCCH format 0 is a DMRS less PUCCH format, maintaining phase continuity and power consistency does not necessarily lead to better performance. Hence, DMRS bundling for PUCCH format 0 should be excluded. 
The number of repetitions factors can be separately configured for each PUCCH resource. ‘PUCCH-TimeDomainWindowLength’ should also be configured per PUCCH resource format, to achieve a better fit with the PUCCH repetition factor.
[bookmark: PP2]Proposal 2: DMRS bundling for PUCCH repetitions should be enabled/disabled per PUCCH resource format.
[bookmark: PP3]Proposal 3: ‘PUCCH-TimeDomainWindowLength’ should be configured per PUCCH resource format.
Sub-slot based PUCCH repetitions have been introduced in URLLC, and PUCCH repetitions can be transmitted within a slot, thus window length of L = 1 slot may need to be introduced if DMRS bundling for sub-slot PUCCH repetitions within one slot is supported. Besides, since the max value of PUCCH repetition is 8, the value range of PUCCH TDW length should not exceed 8. Hence, the value range of ‘PUCCH-TimeDomainWindowLength' can be configured as {1, 2, 4, 8} slots.
[bookmark: PP4]Proposal 4: The value range of parameter ‘PUCCH-TimeDomainWindowLength' can be {1, 2, 4, 8} slots.

4. Frequency hopping with DMRS bundling
In last meeting, a default frequency hopping interval is supported, i.e., the frequency hopping interval equals the configured TDW length. However, it was discussed how to determine frequency hopping interval if IE for configured TDW length is absent either. Based on agreements in AI 8.8.1.3, if TDW length is not configured, the default TDW length is min (maximum duration, duration of all PUSCH/PUCCH repetitions), which can be regarded as the default frequency hopping interval, if both frequency hopping interval and TDW length are absent. 
[bookmark: OB1]Observation 1: when neither hopping interval nor TDW length is configured, the frequency hopping interval is min (maximum duration, duration of all PUSCH/PUCCH repetitions).
Since the window length of L = 1 slot may be introduced, if DMRS bundling for sub-slot PUCCH repetitions within one slot is supported or if the DMRS bundling for PUSCH repetition type B is performed within a slot , the interval length of L = 1 slot may need to be introduced as well.
[bookmark: OB2]Observation 2: The interval length of L = 1 slot may need to be introduced.
[bookmark: _Hlk92297206]For frequency hopping with DMRS bundling, how to determine the starting RB of each frequency hop is still FFS. For inter-slot frequency hopping, the RB index is determined by slot index, while it can not be simply reused for frequency hopping per multiple slots. For example, in frame structure DDDDD DDSUU, the frequency hopping interval is 2 slots, and PUCCH/PUSCH is repeated 4 times, i.e., repeated in the last two slots in two consecutive frames. Since the slot index is counted within a frame, the starting RB index for frequency hop in the first frame and the second frame will be the same if the starting RB is determined by the slot index. Hence, for inter-slot frequency hopping with DMRS bundling, the starting RB index for each frequency hop can not be determined by slot index.
[bookmark: OB3]Observation 3: For DMRS bundling with frequency hopping, if PUSCH/PUCCH is repeated across frames (10ms), it may lead to no frequency hopping, if the starting RB of each frequency hop is determined only by slot index.
One direction solution is replacing slot index (ns) by a window index, the starting RB is given by

Where , starts from 0, is the hopping interval index. The first hopping interval starts from the first PUSCH/PUCCH repetition, and has a number of slots according to configured interval length or configured TDW length. New frequency hopping interval is created if there are remaining repetitions not covered by previous intervals, and  is incremented.
TP for the proposed frequency hopping pattern is provided in sections 6.1 and 6.2.
[bookmark: PP5]Proposal 5: For frequency hopping with DMRS bundling, the starting RB is determined by the interval index
· The first hopping interval starts from the first PUSCH/PUCCH repetition, and has a number of slots according to configured interval length or configured TDW length. 
· New frequency hopping interval is created if there are remaining repetitions not covered by previous intervals.
[bookmark: PP6]Proposal 6: Adopt TP #1 in section 6.1 of R1-2200089.
[bookmark: PP7]Proposal 7: Adopt TP #2 in section 6.2 of R1-2200089.
According to [2], configured TDW length is separately configured for PUCCH and PUSCH. Hence, it is natural to separately configure frequency hopping intervals for PUCCH and PUSCH. Considering the maximum repetition number is 32 and 8 for PUSCH and PUCCH, the maximum length for configured frequency hopping interval can be 16 and 4 slots for PUSCH and PUCCH repetitions, to achieve a balanced frequency hopping pattern.
[bookmark: PP8]Proposal 8: The maximum length for configured frequency hopping interval is 16 and 4 for PUSCH repetitions and PUCCH repetitions, respectively.
For PUSCH repetition in R16, whether UE will perform inter-slot frequency hopping is indicated by DCI. If inter-slots frequency hopping with DMRS bundling is configured, the ‘Frequency hopping flag’ field in DCI with value ‘1’ should be used to indicate the new FH pattern with DMRS bundling, instead of the legacy inter-slot frequency hopping pattern.
[bookmark: PP9]Proposal 9: If inter-slots frequency hopping with DMRS bundling is configured, the ‘Frequency hopping flag’ field in DCI with value ‘1’ should be used to indicate the new FH pattern with DMRS bundling, instead of the legacy inter-slot frequency hopping pattern.
· Adopt TP#3 in section 6.3 of R1-2200089.
As we discussed in section 3, TDW length should be configured per PUCCH resource format to accommodate with the repetition number for each resource. Similarly, the frequency hopping interval should be separately configured for each PUCCH resource format.
[bookmark: PP10]Proposal 10: Frequency hopping interval is configured per PUCCH resource format.

5. PUCCH repetitions with different sets of power control parameters
In last meeting, different spatial relations used for two PUCCH transmissions of PUCCH repetitions is an event and has been edited in the [3]. However, the two PUCCH repetitions may apply different power control parameter sets with the same spatial settings according to Clause 9.2.6 in [4], and the power consistency and phase continuity will be violated, which should be regarded as another event. The corresponding TP should be adopted in section 6.4.
	9.2.6	PUCCH repetition procedure
……
When a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes first and second spatial settings, or first and second sets of power control parameters, as described in [11, TS 38.321] and in clause 7.2.1, the UE
-	uses the first and second spatial settings, or the first and second sets of power control parameters, for first and second repetitions of the PUCCH transmission, respectively, when ,
-	alternates between the first and second spatial settings, or between the first and second sets of power control parameters, respectively, per  repetitions of the PUCCH transmission, where  if mappingPattern = ‘cyclicMapping’; else, .


[bookmark: PP11]Proposal 11: PUCCH repetitions with different sets of power control parameters in multi-TRP operation should be regarded as an event.
[bookmark: PP12]Proposal 12: Adopt TP#4 in section 6.4 of R1-2200089.

6. Text Proposal
6.1. TP#1
----------------------------------------------- TP #1 for 38.214 V17.0.0 6.3.1---------------------------------------------
[bookmark: _Toc29673229][bookmark: _Toc29673370][bookmark: _Toc29674363][bookmark: _Toc36645593][bookmark: _Toc45810642][bookmark: _Toc91695517]6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
<unchanged part omitted>
For PUSCH based on a Type1 configured UL grant the frequency offset is provided by the higher layer parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant. 
For a MsgA PUSCH the frequency offset is provided by the higher layer parameter as described in [6, TS 38.213].
In case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,




where i=0 and i=1 are the first hop and the second hop respectively, and  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) or as calculated from the resource assignment for MsgA PUSCH (described in [6, TS 38.213]) and is the frequency offset in RBs between the two frequency hops. The number of symbols in the first hop is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot.

In case of inter-slot frequency hopping, and when PUSCH-DMRS-Bundling is not enabled, the starting RB during slot  is given by:

	, 



where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.
If Inter-bundlingFrequencyHopping is enabled, and PUSCH-DMRS-Bundling is enabled, the starting RB during interval index is given by

[bookmark: _Hlk92730383][bookmark: _Hlk92728860][bookmark: _GoBack]Where  starts from 0, is the hopping interval index. The first hopping interval starts from the first PUSCH repetition, and each frequency hopping interval has a length of PUSCH-inter-bundlingFrequencyHoppingLength. If PUSCH-inter-bundlingFrequencyHoppingLength is not configured, PUSCH-TimeDomainWindowLength is used as the frequency hopping interval length. New frequency hopping interval is created if there are remaining repetitions not covered by previous intervals, and  is incremented.  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2), and is the frequency offset in RBs between the two frequency hops. 
<unchanged part omitted>
------------------------------------------------------END OF TP #1----------------------------------------------------------
6.2. TP#2
----------------------------------------------- TP #2 for 38.213 V17.0.0 9.2.6---------------------------------------------
[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc92093855]9.2.6	PUCCH repetition procedure
<unchanged part omitted>
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbolIndex, subslotLengthForPUCCH)
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots 
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot, or frequency hopping for PUCCH transmissions with DMRS bundling.
-	If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots or frequency hopping for PUCCH transmissions with DMRS bundling, and if the UE is configured to perform frequency hopping for a PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot 
-	the UE is configured by PUCCH-inter-bundlingFrequencyHopping
· the UE performs frequency hopping per L slots, where L is frequency hopping interval, which is provided by PUCCH-inter-bundlingFrequencyHoppingLength. If PUCCH-inter-bundlingFrequencyHoppingLength is not configured, L is provided by PUCCH-TimeDomainWindowLength.
· The first hopping interval, indexed with 0, starts from the first slot for PUCCH transmission. New frequency hopping interval is created if there are remaining repetitions not covered by previous intervals. The frequency hopping intervals are indexed in an ascending order in time.
· the UE transmits the PUCCH starts from a first PRB, provided by startingPRB, in hopping intervals with even index and starting from the second PRB, provided by secondHopPRB, in hopping intervals with odd index. 
· the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot, or frequency hopping for PUCCH transmissions across different slots

<unchanged part omitted>
------------------------------------------------------END OF TP #2----------------------------------------------------------
6.3. TP#3
---------------------------- TP #3 for 38.212 V17.0.0 7.3.1.1.2 and for 38.214 V17.0.0 6.3.1------------------------
7.3.1.1.2	Format 0_1
<unchanged part omitted>
-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if only resource allocation type 0 is configured, or if the higher layer parameter frequencyHopping and PUSCH-inter-bundlingFrequencyHopping is are not configured and the higher layer parameter pusch-RepTypeIndicatorDCI-0-1 is not configured to pusch-RepTypeB, or if the higher layer parameter frequencyHoppingDCI-0-1 is not configured and pusch-RepTypeIndicatorDCI-0-1 is configured to pusch-RepTypeB, or if only resource allocation type 2 is configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in Clause 6.3 of [6, TS 38.214].
<unchanged part omitted>
6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
<unchanged part omitted>
[bookmark: _Hlk92731015]For PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 and for TB processing over multiple slots (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping and PUSCH-inter-bundlingFrequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping and PUSCH-inter-bundlingFrequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, a UE is configured for frequency hopping by the frequency hopping flag information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. One of two three frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission and multi-slot PUSCH transmission scheduled by DCI format 0_1 or 0_2 and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
-  Inter-bundling frequency hopping, applicable to frequency hopping with DMRS bundling
<unchanged part omitted>
------------------------------------------------------END OF TP #3---------------------------------------------------
6.4. TP#4
---------------------------------------------- TP #4 for 38.214 V17.0.0 6.1.7----------------------------------------
[bookmark: _Toc91695505]6.1.7	UE procedure for determining time domain windows for bundling DM-RS
<unchanged part omitted>
Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
-	A downlink slot or downlink reception or downlink monitoring based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated for unpaired spectrum.
-	The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, exceeds 13 symbols.
-	The gap between any two consecutive PUSCH transmissions, or the gap between any two consecutive PUCCH transmissions, does not exceed 13 symbols but other uplink transmissions are scheduled between the two consecutive PUSCH transmissions or the two consecutive PUCCH transmissions.
-	For PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B or TB processing over multiple slots, a dropping or cancellation of a PUSCH transmission according to clause 9, clause 11.1 and clause 11.2A of [6, TS 38.213].
-	For PUCCH transmissions of PUCCH repetition, a dropping or cancellation of a PUCCH transmission according to clause 9.2.6 and clause 11.1 of [6, TS 38.213].
-	For any two consecutive PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, and when two SRS resource sets are configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook' or 'noncodebook', a different SRS resource set association is used for the two PUSCH transmissions of PUSCH repetition type A, or PUSCH repetition type B, according to Clause 6.1.2.1.
-	For any two consecutive PUCCH transmissions of PUCCH repetition, and when a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes first and second spatial relations, or first and second sets of power control parameters, as described in [6, TS 38.321] and in clause 7.2.1 of [6, TS 38.213], different spatial relations or different power control parameters, are used for the two PUCCH transmissions of PUCCH repetition, according to Clause 9.2.6 of [6, TS 38.213]. 
-	Uplink timing adjustment in response to a timing advance command according to clause 4.2 of [6, TS 38.213].
-	Frequency hopping.
<unchanged part omitted>
------------------------------------------------------END OF TP #4---------------------------------------------------

7. Conclusion
In this contribution, we analyze and discuss the relevant mechanisms of frequency hopping with DMRS bundling, and have the following observation and proposals: 
Observation 1: when neither hopping interval nor TDW length is configured, the frequency hopping interval is min (maximum duration, duration of all PUSCH/PUCCH repetitions).
Observation 2: The interval length of L = 1 slot may need to be introduced
Observation 3: For DMRS bundling with frequency hopping, if PUSCH/PUCCH is repeated across frames (10ms), it may lead to no frequency hopping, if the starting RB of each frequency hop is determined only by slot index.
Proposal 1: Dynamic indication of 1 PUCCH repetition can be realized when both ‘PUCCH-nrofSlotsr17’ and ‘nrofSlots’ are absent.
Proposal 2: DMRS bundling for PUCCH repetitions should be enabled/disabled per PUCCH resource format.
Proposal 3: ‘PUCCH-TimeDomainWindowLength’ should be configured per PUCCH resource format.Proposal 4: The value range of parameter ‘PUCCH-TimeDomainWindowLength' can be {1, 2, 4, 8} slots.
Proposal 4: The value range of parameter ‘PUCCH-TimeDomainWindowLength' can be {1, 2, 4, 8} slots.
Proposal 5: For frequency hopping with DMRS bundling, the starting RB is determined by the interval index
· The first hopping interval starts from the first PUSCH/PUCCH repetition, and has a number of slots according to configured interval length or configured TDW length. 
· New frequency hopping interval is created if there are remaining repetitions not covered by previous intervals.
Proposal 6: Adopt TP #1 in section 6.1 of R1-2200089.
Proposal 7: Adopt TP #2 in section 6.2 of R1-2200089.
Proposal 8: The maximum length for configured frequency hopping interval is 16 and 4 for PUSCH repetitions and PUCCH repetitions, respectively.
Proposal 9: If inter-slots frequency hopping with DMRS bundling is configured, the ‘Frequency hopping flag’ field in DCI with value ‘1’ should be used to indicate the new FH pattern with DMRS bundling, instead of the legacy inter-slot frequency hopping pattern.
· Adopt TP#3 in section 6.3 of R1-2200089.
Proposal 10: Frequency hopping interval is configured per PUCCH resource format.
Proposal 11: PUCCH repetitions with different power control sets in multi-TRP operation should be regarded as an event.
Proposal 12: Adopt TP#4 in section 6.6 of R1-2200089.
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