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Introduction
In RAN1#107-e meeting, the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions was discussed, and the following agreements were made [1].
	Agreement RAN1 107e
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

Agreement RAN1 107e
Support Option 1’-a
Option 1’-a: 
· If L is configured, the maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
· If L is not configured, the default value of L = min (maximum duration, duration of all PUSCH repetitions)



[bookmark: OLE_LINK2]This contribution provides some considerations on inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions.
Discussion
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Inter-slot Frequency hopping of PUCCH uses relative slot index, e.g. the first PUCCH transmission is slot 0. However, inter-slot frequency hopping of PUSCH (including PUSCH repetition type A and B) use absolute slot index, the first hop for even slot number within a radio frame, and second hop for odd slot number. From this perspective, PUSCH and PUCCH have different inter-frequency hopping pattern. However, when the first PUCCH is in even slot number, PUCCH and PUSCH share the same frequency hopping offset. 
	Clause 9.2.6 in 38213: PUCCH inter-slot frequency hopping
-	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
-	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 

Clause 6.3.1 in 38214: PUSCH inter-slot frequency hopping

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.



For the agreed Option 1, the frequency hopping interval can be defined separately from the configured TDW length. FH interval is configured by an individual RRC parameter or default value, which would provide a frequency hopping pattern. In this way, FH pattern is semi-static configured, instead of changed dynamically. The benefit is it is good for frequency resource allocation especially considering more than two UEs share the frequency hopping resources, including first hop PRB and second hop PRB. 
Candidate values of Frequency hopping interval
The candidate values of frequency hopping interval can be limited to several specific values, e.g. {1, 2, 4, 8}, or it can be any integer value that is larger than 1. Comparing these two methods, several specific values is easy to configure, and it is easy to make decisions for UE pair scheduling. Any integer value gives more flexibility for configuration, but with higher signalling cost, may have more trouble to schedule two UE in a frequency domain hopping pair to transmit. Nevertheless, configured TDW length can be the default value of FH interval. Thus FH interval can be any integer value from this point of view, unless we give some restrictions for this default value. Such as only when configured TDW length equals one of those specific candidates, and PUSCH repetition is physical based, RRC configuration of FH interval can be skipped. Clearly, these limits are too much for the default value. Since PUCCH and available slot based PUSCH repetition cannot use it. 
Thus, we support any integer value that is equal or large than 1 can be candidate values of frequency hopping interval. With an additional maximum value, which can be decide later, based on the RAN4 decision and LS. For value equal to 1, we think it is useful for PUSCH repetition type B. However, frequency hopping interval equals to 1 cannot be used for PUSCH repetition type A or TBoMS when DMRS bundling is enabled. 
[bookmark: OLE_LINK1]Furthermore, PUCCH, PUSCH repetition type A, TBoMS and PUSCH repetition type B can have separate configurations of inter-slot FH with DMRS bundling interval. In addition, the maximum value should be different. Because, PUCCH repetition number is {2,4,8}; PUSCH repetition type A/TBoMS is up to 32, and PUSCH repetition type B is up to 16. Then in order to maximum the frequency hopping gain, the value range should consider the repetition number. 
Regarding the case when both hopping interval and TDW length are not configured, if the default hopping interval is the same as the configured TDW length, it means there would be no frequency hopping during the transmission duration when physical slot based PUSCH repetition is used. In order to provide more frequency diversity, half of default configured TDW length can be used as frequency hopping interval. That is 1/2*min (maximum duration, duration of all PUSCH repetitions). Otherwise, it is not a reasonable case for joint operation of inter-slot frequency hopping enable and DMRS bundling enable. Therefore, we are fine for either method.
Proposal 1. Candidate values of Frequency hopping interval can be any integer value that is equal or large than 1.
Proposal 2. PUCCH, PUSCH repetition type A, TBoMS and PUSCH repetition type B can have separate configurations of inter-slot FH with DMRS bundling interval. 
Proposal 3. When both hopping interval and TDW length are not configured, down select between:
· Half of default configured TDW length can be used as frequency hopping interval, which is 1/2*min (maximum duration, duration of all PUSCH repetitions).
· Not allowed this case.
Frequency offset number
For PUSCH, frequency offsets are configured by higher layer parameter in pusch-Config, one of two higher layer configured offsets is indicated in the DCI when the size of the active BWP is less than 50 PRBs, while one of four 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.
For PUCCH, a frequency offset is configured per PUCCH resource. 
Regarding frequency offset number of PUSCH and PUCCH, the legacy method of frequency offsets configuration and indication is applied for inter-slot FH with DMRS bundling, including PUSCH repetition type A, type B and TBoMS.
Proposal 4. The legacy method of frequency offsets configuration and indication is reused for PUSCH and PUCCH inter-slot FH with DMRS bundling.
Frequency hopping pattern and periodicity
For the inter-slot frequency hopping with DMRS bundling for PUSCH, including PUSCH repetition type A, type B and TBoMS, the hopping offsets are determined by the physical slot index, and the frequency hopping interval extended from 1 to N which is configured by RRC or default value. 
For inter-slot frequency hopping with DMRS bundling for PUCCH, we prefer to have same design as PUSCH. Thus, we give an example for FH interval = 4. One notice is the frequency hopping pattern is same cross different radio frames. And there may be a pattern change at the frame boundary as shown in Figure 2.
[image: ]
Figure 1: Frequency hopping pattern is same cross different radio frames
Clearly, frequency hopping pattern is independent from the configured TDW. As shown below in Figure 2, L is the configured TDW length, D is frequency hopping interval.
[image: ]
Figure 2: Frequency hopping pattern
Proposal 5. For the inter-slot frequency hopping with DMRS bundling for PUSCH/PUCCH:
· Hopping offsets are determined by the physical slot index and frequency hopping interval
Conclusions
In this contribution, we have the following proposal:
Proposal 1. Candidate values of Frequency hopping interval can be any integer value that is equal or large than 1.
Proposal 2. PUCCH, PUSCH repetition type A and PUSCH repetition type B can have separate configurations of inter-slot FH with DMRS bundling interval. 
Proposal 3. PUCCH, PUSCH repetition type A, TBoMS and PUSCH repetition type B can have separate configurations of inter-slot FH with DMRS bundling interval. 
Proposal 4. When both hopping interval and TDW length are not configured, down select between:
· [bookmark: _GoBack]Half of default configured TDW length can be used as frequency hopping interval, which is 1/2*min (maximum duration, duration of all PUSCH repetitions).
· Not allowed this case.
Proposal 5. For the inter-slot frequency hopping with DMRS bundling for PUSCH/PUCCH:
· Hopping offsets are determined by the physical slot index and frequency hopping interval
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