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Introduction
[bookmark: _Hlk510705081]The item “interaction between DMRS bundling and inter-slot frequency hopping” was moved under agenda item 8.8.2, and hence will be discussed in this contribution. Stemming from the latest agreement in RAN1 #107-e, we express our views on the current open points and provide our recommendation for the definition of the frequency hopping pattern in case of DMRS bundling.
Discussion
Inter-slot FH with DM-RS bundling
In RAN1 #107-e, the following was agreed for the interaction of inter-slot FH and DM-RS bundling:
	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



Based on this agreement, at least the following two alternatives are still open for discussion for determination of the hopping intervals:
1. Alt 1: frequency hopping pattern is not determined by physical slot indices, and a UE configured for DM-RS bundling determines the frequency hopping intervals for a set of PUCCH/PUSCH transmissions based at least on the starting slot of the set of PUCCH/PUSCH transmissions for which DM-RS bundling is activated 
2. Alt 2: frequency hopping pattern is determined by physical slot indices, and a UE configured for DM-RS bundling determines the frequency hopping intervals based on the physical slot indices rather than based on the starting slot of the set of PUSCH/PUCCH transmissions for which DM-RS bundling is activated.

Alt 1 follows the approach of Rel-16 specifications for inter-slot FH for PUCCH, and a Rel-17 UE configured for DM-RS bundling determines the slots belonging to a frequency hopping interval as a number of consecutive slots and based on the starting slot of a set of PUSCH/PUCCH transmissions for which DM-RS bundling is activated. In particular, the first frequency hopping interval of a set of PUCCH/PUSCH transmission starts with the first slot determined for the set of PUCCH/PUSCH transmissions and comprises a number of consecutive slots defined by the configured parameter . Each subsequent frequency hopping interval of length  starts with the first physical or available slot after the last physical or available slot of the previous frequency hopping interval, based on the slot counting method. This FH interval determination approach is similar to the nominal TDW determination for PUCCH repetitions or PUSCH transmissions. For example, for a set of PUCCH repetitions, a first FH interval starts with the first slot determined for the set of PUCCH repetitions and each subsequent FH interval starts with the first available slot after the end of a previous FH interval.
An example scenario of such configuration is shown in Figure 1, where the length of the frequency hopping interval F is configured as equal to the length L of the configured TDW () for a set of 4 PUSCH/PUCCH repetitions in a TDD system with DDSUU frame structure. This configuration leads to an optimal behaviour in terms of frequency diversity and joint channel estimation and is aligned with the Rel-16 frequency hopping principle for PUCCH based on available slots but optimized to coexist with the DM-RS bundling feature.
In this case however, there is a need to define the length of the hopping interval  and whether/how it relates to the length  of the configured TDW. In our view,  and  should be related to each other to optimize the interaction between DM-RS bundling and frequency hopping, and in particular  should be defined either as equal to  or as a divisor of . We see indeed little to no point in defining a hopping interval either not divisor of  or even larger than a configured TDW. Figure 2, shows an example scenario of PUSCH/PUCCH repetitions where the hopping intervals are defined based on Alt 1 and  and . In the Figure, the repetitions marked with a same colour can be bundled together for joint channel estimation since they are both in a same configured TDW and in a same FH interval, and belong to a same frequency hop. Since a UE would determine the slots belonging to the frequency hopping intervals from the starting slot of a set of PUSCH/PUCCH transmissions, a length of  not a divisor of  creates sub-optimal behaviours in terms of both frequency diversity and joint channel estimation. Indeed, in addition to having a shortened last frequency hopping interval of length 2 for the 7th and 8th repetitions, the joint channel estimation for the second hop is also constrained to one slot for the 4th repetition and to two slots for the 5th and 6th repetitions. Such an issue would not be present if  was defined as a divisor of , since an integer number of frequency hopping intervals with a same length  would always be present in a configured TDW, hence optimizing the interaction between frequency hopping and DM-RS bundling.
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[bookmark: _Ref92278184]Figure 1. Example scenario of configuration of FH interval according to Alt. 1 for a DDSUU TDD pattern
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[bookmark: _Ref90631597]Figure 2. Example of 8 PUSCH/PUCCH repetitions with L=4 and F=3

Alt 2 follows the same approach of Rel-16 specifications for inter-slot FH for PUSCH, and a Rel-17 UE configured for DM-RS bundling determines the slots belonging to a frequency hopping interval based on the physical slot index rather than based on the starting slot of the set of PUSCH/PUCCH transmissions for which DM-RS bundling is activated. With this alternative, better spectral efficiency may be achieved among UEs characterized by the same hopping interval , at the cost of lower gains brought by the joint channel estimation. Indeed, multiplexing of UEs with different hopping intervals  would anyway not be possible. Such a problem is shown in the example scenario of Figure 2, where a gNB tries to optimize spectral allocation for a first Rel-16 UE transmitting PUCCH repetitions without DM-RS bundling and a second Rel-17 UE transmitting PUCCH repetitions using DM-RS bundling, in an FDD band. Collisions would occur at each second slot, even if the Rel-17 frequency hopping pattern is determined based on physical slot indices.
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[bookmark: _Ref90303388]Figure 3. Frequency multiplexing of frequency hopping UEs with different hopping patterns
At this stage, it is also worth adding that UEs in coverage shortage scenarios, for which DM-RS bundling is required, are expected to be scheduled with PUSCH/PUCCH transmissions spanning only few RBs to maximize the power spectral density per RE (EPRE). This is a fundamental consideration when thinking that even if gNB needs to reserve both startingPRB and secondHopPRB for a specific UE, it does not implicate large inefficiencies in spectral allocation, even in the worst case. This would be aligned with the spirit which governs inter-slot frequency hopping across PUCCH repetitions, where PUCCH resources typically occupy only few frequency resources and maximization of the frequency diversity is prioritized.
Based on the above considerations, it can be argued that no frequency hopping framework would yield deterministic spectral efficiency advantages over another, due to the impact of scheduling considerations and UE distribution in the cell. Therefore, spectral efficiency considerations should not be driving the choice between the two alternatives above, and a frequency hopping pattern that optimizes the performance of joint channel estimation should be preferred. For this reason, we recommend selection of Alt 1 as per above description.
Proposal 1. Frequency hopping pattern is not determined by physical slot indices, and a UE configured for DM-RS bundling determines the frequency hopping intervals for a set of PUCCH/PUSCH transmissions based at least on the starting slot of the set of PUCCH/PUSCH transmissions for which DM-RS bundling is activated 
Proposal 2. Define frequency hopping interval in case of DM-RS bundling constrained to being either equal to the length of the configured TDW or a divisor of the length of the configured TDW.
In the case the configured TDW length is not configured, L is computed as min ([maxDMRS-BundlingDuration], M), where M is the time duration in consecutive slots from the first slot determined for PUCCH/PUSCH transmissions of PUCCH/PUSCH repetition to the last slot determined for PUCCH/PUSCH transmissions of PUCCH/PUSCH repetition. Therefore, and especially for maxDMRS-BundlingDuration larger than M, the configured TDW length becomes a dynamic parameter that at least depends on the scheduled number of repetitions and the frame structure. Based on the agreement in RAN1 #107, if hopping interval is not configured, the default hopping interval is the same as the configured TDW length.  A straightforward consequence of this agreement, in our view, is that the length of the frequency hopping interval should be set to min ([maxDMRS-BundlingDuration], M) in the case the configured TDW is not configured. 
Proposal 3. Set the frequency hopping interval length equal to the configured TDW length, in the case the configured TDW length is not configured, and the frequency hopping interval is not configured
It is worth adding that, the use case of frequency hopping interval is very clear in the context of DM-RS bundling but is unclear when the latter is not enabled at the UE. In this regard, we observe that any change to the existing frequency hopping framework should be tied to the enhancement discussed in this AI and considered out of scope otherwise. 
Proposal 4. Frequency hopping interval can be configured or determined as larger than one slot only when DM-RS bundling is enabled.

Text proposal for TS 38.213
[bookmark: _Toc92812552]Proposal 5. RAN1 to adopt the following text proposal for Clause 9.2.6 of TS 38.213 (changes are highlighted in red).
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[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
[bookmark: _Hlk86776043]A UE can be indicated to transmit a PUCCH over  slots using a PUCCH resource, where
-	if the PUCCH resource is indicated by a DCI format and includes PUCCH-nrofSlots,  is provided by PUCCH-nrofSlots
-	otherwise,  is provided by nrofSlots
 If the UE is provided subslotLengthForPUCCH, a slot for a PUCCH transmission with repetitions over  slots includes a number of symbols indicated by subslotLengthForPUCCH.
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 and the UE is not provided with PUCCH-DMRS-Bundling = ‘enabled’
-	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
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots and the UE is provided with PUCCH-DMRS-Bundling = ‘enabled’
-	the UE determines one or multiple frequency hopping intervals as follows:
- 	The duration of each frequency hopping interval, in number of consecutive slots, is given by [F], if configured. If [F] is not configured, the duration of each frequency hopping interval, in number of consecutive slots, is equal to the duration of the nominal TDW for PUCCH transmissions of PUCCH repetition, as described in clause 6.1.7. The UE expects that PUCCH-TimeDomainWindowLength is a multiple of [F]
- 	The start of the first frequency hopping interval is the first slot determined for the first PUCCH transmission, regardless of whether or not the UE transmits the PUCCH in the slot
-	The start of any other frequency hopping interval is the first slot determined for PUCCH transmission after the last slot determined for PUCCH transmission of a previous frequency hopping interval, regardless of whether or not the UE transmits the PUCCH in the slot
- 	The first frequency hopping interval has number 0, and each subsequent frequency hopping interval until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in one or more slots belonging to the frequency hopping interval
-	the UE performs frequency hopping per frequency hopping interval
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots belonging to frequency hopping intervals with even number and starting from the second PRB, provided by secondHopPRB, in slots belonging to frequency hopping intervals with odd number
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot
-	If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots 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 
If the UE determines that, for a PUCCH transmission in a slot, the number of symbols available for the PUCCH transmission is smaller than the value provided by nrofSymbols for the corresponding PUCCH format, the UE does not transmit the PUCCH in the slot. 
A SS/PBCH block symbol is a symbol of an SS/PBCH block with candidate SS/PBCH block index corresponding to the SS/PBCH block index indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, as described in clause 4.1.
For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSI reporting and having
-	an UL symbol, as described in clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex as a first symbol, and
-	consecutive UL symbols, as described in clause 11.1, or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols
For paired spectrum or supplementary uplink band, the UE determines the  slots for a PUCCH transmission as the  consecutive slots starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSI reporting. 
If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH with repetition Type A over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.
If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH with repetition Type B over a second number of slots, and the PUCCH transmission would overlap with actual PUSCH repetitions in one or more slots, and the conditions in clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied for the overlapping actual PUSCH repetitions, the UE transmits the PUCCH and does not transmit the overlapping actual PUSCH repetitions.
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 
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, .
A UE does not expect a PUCCH that is in response to a DCI format detection to overlap with any other PUCCH that does not satisfy the corresponding timing conditions in clause 9.2.5.
If a UE would transmit a PUCCH over  slots and the UE does not transmit the PUCCH in a slot from the  slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of  slots.
For DAPS operation, if a UE would transmit a PUCCH over  slots on the source MCG and the UE does not transmit the PUCCH in a slot from the  slots due to overlapping in time with UE transmission on the target MCG in the slot, the UE counts the slot in the number of  slots.
[omitted text]
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Proposal 6. RAN1 to adopt the following text proposal for Clause 6.3.1 of TS 38.214 (changes are highlighted in red).
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	Completion of DM-RS bundling for coverage enhancement in NR.
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[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
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 provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping 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 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.
For operation with shared spectrum channel access, the UE does not expect that two hops of a PUSCH transmission are in different RB sets.
In case of resource allocation type 2, the UE transmits PUSCH without frequency hopping.
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format or in a random access response UL grant is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHoppingOffset is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].
For a PUSCH scheduled by RAR UL grant, fallbackRAR UL grant, or by DCI format 0_0 with CRC scrambled by TC-RNTI, frequency offsets are obtained as described in clause 8.3 of [6, TS 38.213]. Otherwise, for a PUSCH scheduled by DCI format 0_0/0_1 or a PUSCH based on a Type2 configured UL grant activated by DCI format 0_0/0_1 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in pusch-Config. For a PUSCH scheduled by DCI format 0_2 or a PUSCH based on a Type2 configured UL grant activated by DCI format 0_2 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetListsDCI-0-2 in pusch-Config.
-	When the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL grant.
-	When the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is indicated in the UL grant.
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.
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled:
-	the UE determines one or multiple frequency hopping intervals as follows:
- 	The duration of each frequency hopping interval, in number of consecutive slots, is given by [F], if configured. If [F] is not configured, the duration of each frequency hopping interval, in number of consecutive slots, is equal to the duration of the nominal TDW for PUSCH transmissions of repetition Type A, PUSCH repetition Type B and TB processing over multiple slots, as described in clause 6.1.7. The UE expects that PUSCH-TimeDomainWindowLength is a multiple of [F]
- 	The start of the first frequency hopping interval is the first slot determined for the first PUSCH transmission of the multi-slot PUSCH transmission, regardless of whether or not the UE transmits the PUSCH in the slot
-	The start of any other frequency hopping interval is the first slot determined for PUSCH transmission after the last slot determined for PUSCH transmission of a previous frequency hopping interval, regardless of whether or not the UE transmits the PUSCH in the slot.
- 	The first frequency hopping interval has number 0, and each subsequent frequency hopping interval until the UE transmits the multi-slot PUSCH transmission is counted regardless of whether or not the UE transmits the PUSCH in one or more slots belonging to the frequency hopping interval.
-	the UE performs frequency hopping per frequency hopping interval
-	the UE transmits the PUSCH starting from a first PRB, provided by , in slots belonging to frequency hopping intervals with even number and starting from a second PRB, provided by , in slots belonging to frequency hopping intervals with odd number.  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.
[omitted text]



Conclusion
In this contribution, we expressed our views on the interaction between DM-RS bundling and frequency hopping across a set of PUCCH/PUCCH transmissions.
We made the following proposals:
Proposal 1. Frequency hopping pattern is not determined by physical slot indices, and a UE configured for DM-RS bundling determines the frequency hopping intervals for a set of PUCCH/PUSCH transmissions based at least on the starting slot of the set of PUCCH/PUSCH transmissions for which DM-RS bundling is activated.
Proposal 2. Define hopping interval constrained in case of DM-RS bundling to being either equal to the length of the configured TDW or a factor of the length of the configured TDW.
Proposal 3. Set the frequency hopping interval length equal to the configured TDW length, in the case the configured TDW length is not configured, and the frequency hopping interval is not configured.
Proposal 3. Frequency hopping interval can be configured or determined as larger than one slot only when DM-RS bundling is enabled.
Proposal 5. RAN1 to adopt the following text proposal for Clause 9.2.6 of TS 38.213 (changes are highlighted in red).
Proposal 6. RAN1 to adopt the following text proposal for Clause 6.3.1 of TS 38.214 (changes are highlighted in red).
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