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1 Introduction

In this contribution, the remaining details for UL transmission procedures are discussed. In particular, in section 2 the remaining aspects of frequency hopping design are presented while the time domain allocation especially for the case of mini-slot repetitions is discussed in section 3.
2 Frequency Hopping
The following agreements were made at the last meeting regarding frequency hopping:

	Agreements:

· For PUSCH transmission with UL grant (other than Msg.3) and Type 2 UL transmission without UL grant with intra-slot FH, 

· frequency hopping offset(s) in frequency domain is/are explicitly configured by UE-specific RRC signaling

· Explicit frequency hopping flag is included into DCI format scheduling/activating UL transmission

· If the frequency hopping flag is enabled, the following number of hopping bits are taken from the resource allocation Type 1 indication field:

· 1 bit: if the active BWP less than X1 PRB

· To indicate one of two RRC configured offsets

· 2 bit: if the active BWP is larger or equal than X1 

· To indicated one of four RRC configured offsets

· The value of X1 is fixed in the spec with a value of [50]

· For Type 1 UL transmission without UL grant with intra-slot FH, a separated frequency hopping offset field from the frequency resource allocation field is explicitly configured by UE-specific RRC signaling.

· The possible values for frequency hopping offset are the same as that for UL transmission with UL grant.

· The hopping offset for Msg3 is indicated in RAR/DCI respectively, along with a separate information field for the hopping flag 

· No RRC impact for frequency hopping applied to Msg.3.

· The possible values of hopping offsets are fixed in the specification

· No additional RRC configuration is needed in determining the hopping boundary for PUSCH

· For PUSCH other than Msg.3 over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a given carrier for a UE.


From the agreed aspects so far, the following requires further discussion and decision in RAN1:

· Selection of value X1 which is currently bracketed to [50] PRB and range of RRC parameters for configuration of frequency hopping offsets

· Fixed rule for Msg3 hopping offset identification without RRC impact

· Inter-slot frequency hopping rule

· Intra-slot hopping boundary
These issues are discussed one-by-one in the following subsections.
2.1 Hopping Offset Values

First, the X1 PRB size for switching between 1 and 2 hopping bits needs to be agreed. In LTE, 50 PRB was used. The idea to use different number of hopping bits is motivated by the UE allocation bandwidth that is likely to be used for frequency hopped transmission. In Figure 1, the dependence on UE maximum schedulable BW for a given combination of UL BWP and the number of hopping bits taken from RA Type 1 field is illustrated. Obviously, there is no cross-point and therefore, rule to select the switching between 1 and 2 bits is rather ad-hoc and should take into account typical relation between UE bandwidth and BWP which provides frequency diversity gain. It is then proposed to just reuse the LTE boundary.
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Figure 1. Maximum UE allocation BW depending on UL BWP bandwidth for Type 1 RA.

Proposal 1

· Confirm value of X1 to be 50 PRB

2.2 Intra-slot Hopping Symbol Boundary
Since PUSCH part of the slot may vary significantly, a rule to split the PUSCH for hopping should be defined. The similar problem was discussed for long PUCCH intra-slot hopping. In PUCCH it was concluded that the first part contains floor(N/2) symbols and the second part contains ceil(N/2) symbols. Given the agreement on no RRC impact for determining the hopping boundary, the same rule could be used for PUSCH. In the slot-based scheduling all UL symbols indicated by the time domain resource allocation can be considered as N to reuse the hopping rule irrespective of SRS scheduling.
For mini-slots, the same hopping boundary could also be reused irrespective of the number of mini-slot repetitions in order to align collision patterns in case of different mini-slot durations and minimize the overhead of UE transient periods. In some cases it may not be possible to directly reuse such boundary because of DM-RS constraints, e.g. when 2-symbol mini-slot is divided into two 1-symbol parts. In such case, it is better to hop between mini-slots using the same rule but over the number of mini-slots. I.e., if the number of mini-slot within a slot is more than one, the number of mini-slot in the first hop is floor(N/2), the number of mini-slots in the 2nd hop is ceil(N/2).
Proposal 2
· For slot-based scheduling intra-slot frequency hopping, the number of symbols in the first hop is floor(N/2), the number of symbols in the 2nd hop is ceil(N/2) where N is the number of allocated PUSCH symbols
· For mini-slot-based scheduling intra-slot frequency hopping, if the number of mini-slots within a slot is more than one, the number of mini-slots in the first hop is floor(N/2), the number of mini-slots in the 2nd hop is ceil(N/2) where N is the number of mini-slots within a slot
· In case of one mini-slot scheduled within a slot, the slot-based boundary determination rule is reused

2.3 Inter-slot Hopping
Similar to LTE, the hopping rule for inter-slot and intra-slot can be common. For inter-slot, the hopping can be organized between the configured repetitions in different slots. If the inter-slot hopping is configured for mini-slot based operation, then it still applies only when crossing the slot boundary. Note, that for grant-free operation since the starting slot/mini-slot is flexible in case of {0,0,0,0} and {0,3,0,3} RV sequences, the inter-slot hopping rule still needs to be applied with respected to the initial transmission configured by the period and the offset, i.e. hopping is counted based on allocated resources and not based on actual transmission.
Proposal 3
· Inter-slot hopping reuses the same L1 and RRC parameters as the inter-slot hopping
· Inter-slot frequency hopping is organized between PUSCH repetitions in an aggregation which are allocated in different slots

· Mini-slot repetitions within one slot do not hop if inter-slot frequency hopping is configured

· Inter-slot frequency hopping offset is applied to every other transmission occasion of K repetitions

· Note: The transmission occasion refers to the time domain resource allocation of one repetition in an aggregation with factor K where the aggregated transmission occasions start in resources configured by the offset and the period
2.4 Frequency Hopping for Msg3
One issue for Msg3 frequency hopping is the definition of default frequency hopping offsets. It is proposed to simply reuse the LTE approach for frequency offset determination, i.e. define 1/2, 1/4, -1/4 of initial active BWP frequency hopping offsets. The remaining code-point may be reserved for future use:
	Number of hopping bits
	Default hopping offsets, PRB

	1
	reserved, floor(BWP/2)

	2
	reserved, floor(BWP/2), floor(BW/4), -floor(BW/4)


Proposal 4
· For Msg3 transmission, predefined frequency hopping offsets are floor(BWP/2) PRBs in case of 1 hopping bit and floor(BWP/2), floor(BW/4), -floor(BW/4) PRBs in case of 2 hopping bits where BWP is the initial active bandwidth part
3 Time-domain Resource Allocation

In case of mini-slot based resource allocation, i.e. PUSCH mapping type B, if aggregation is configured, the dynamically indicated or semi-statically derived starting symbol and duration (in case of semi-persistent  / grant-free allocation) may be assumed to be repeated in consecutive K groups of valid symbols, where K is the aggregation factor configured by RRC. The first group of valid symbols is directly derived from the time domain resource allocation field which signals starting symbol and length in symbols. The other groups of symbols have the same length as the first one and starting symbol index derived as the next valid symbol after the previous group of symbols in an aggregation. In other words, the mini-slots are repeated back-to-back without gaps within the valid symbols.

The described multi-mini-slot transmission procedure may lead to cases when a mini-slot crosses slot boundary and/or collides with at least scheduled SRS transmission. For such cases, dropping and/or postponing rules may need to be defined.

For example, in case a group of symbols in an aggregated multi-mini-slot transmission is going to cross the slot boundary, it may need to be postponed i.e. shifted in time to the first valid symbol in the next slot relative to the slot where the previous group of symbols was mapped. In another option, the groups of symbols which are going to cross the slot boundary are dropped while the groups of symbols which are going to be mapped to the next slot(s) are kept.
The cases of potential mini-slot crossing a slot boundary mainly appear if mini-slot duration is not integer-multiple of slot duration. For example, when 4 symbol mini-slots are used in NCP case. Since for grant-free operation both parameters (slot and mini-slot duration) are known/configured in long term, postponing behaviour may be more appropriate than dropping. For the SRS collision case, the dropping of overlapped repetitions may be more suitable since SRS scheduling may be dynamic.

Proposal 5
· Mini-slot repetitions are indicated using the general mechanism agreed for slot-based case:

· The first mini-slot is determined based on joint indication of starting symbol and length of the mini-slot as for the case of slot-based repetitions.
· The repetition/aggregation resources are consecutive to the first mini-slot and have the same duration, i.e. are allocated back-to-back

· If mini-slot repetition is going to cross the slot boundary, it is postponed to the first valid PUSCH symbol in the next slot

·  In case of PUSCH repetition collision with known SRS, the PUSCH repetition is dropped.
4 Conclusions

In this contribution, we discussed design aspects of UL transmission. Based on the analysis, we have the following proposals.

Proposal 1

· Confirm value of X1 to be 50 PRB
Proposal 2

· For slot-based scheduling intra-slot frequency hopping, the number of symbols in the first hop is floor(N/2), the number of symbols in the 2nd hop is ceil(N/2) where N is the number of allocated PUSCH symbols

· For mini-slot-based scheduling intra-slot frequency hopping, if the number of mini-slots within a slot is more than one, the number of mini-slots in the first hop is floor(N/2), the number of mini-slots in the 2nd hop is ceil(N/2) where N is the number of mini-slots within a slot

· In case of one mini-slot scheduled within a slot, the slot-based boundary determination rule is reused
Proposal 3

· Inter-slot hopping reuses the same L1 and RRC parameters as the inter-slot hopping

· Inter-slot frequency hopping is organized between PUSCH repetitions in an aggregation which are allocated in different slots

· Mini-slot repetitions within one slot do not hop if inter-slot frequency hopping is configured

· Inter-slot frequency hopping offset is applied to every other transmission occasion of K repetitions

· Note: The transmission occasion refers to the time domain resource allocation of one repetition in an aggregation with factor K where the aggregated transmission occasions start in resources configured by the offset and the period
Proposal 4
· For Msg3 transmission, predefined frequency hopping offsets are floor(BWP/2) PRBs in case of 1 hopping bit and floor(BWP/2), floor(BW/4), -floor(BW/4) PRBs in case of 2 hopping bits where BWP is the initial active bandwidth part
Proposal 5
· Mini-slot repetitions are indicated using the general mechanism agreed for slot-based case:

· The first mini-slot is determined based on joint indication of starting symbol and length of the mini-slot as for the case of slot-based repetitions.
· The repetition/aggregation resources are consecutive to the first mini-slot and have the same duration, i.e. are allocated back-to-back

· If mini-slot repetition is going to cross the slot boundary, it is postponed to the first valid PUSCH symbol in the next slot

·  In case of PUSCH repetition collision with known SRS, the PUSCH repetition is dropped.
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