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1. Introduction

At RAN1 #99, the following agreements were reached:
Agreements:
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH

In this contribution, we provide our views on remaining details of PUSCH enhancements concerning frequency hopping.
2. Remaining details of PUSCH transmission
2.1 Generation of PUSCH

In the design of the frequency hopping schemes, we need to ensure that good frequency diversity is achieved and at the same time multiplexing of PUSCH transmissions from eMBB UEs and uRLLC UEs are supported.

In Rel-15, when frequency hopping is configured for PUSCH resource allocation type 1, for PUSCH transmission with resource allocation type 1 and the frequency hopping flag is “1” in DCI format 0_0, 0_1 or 0_2, 1bit or 2 bits embedded in the FDRA field is used to indicate the frequency hopping offset selected by the gNB. Further if there are at least 50 PRBs in the active BWP, up to 4 frequency hopping offsets can be configured; otherwise (if there are fewer than 50 PRBs in the active BWP) up to 2 frequency hopping offsets can be configured.  

In Rel-16, when dynamic SFI is not configured, the generation of PUSCH repetition type B is affected by the following:
· Semi-static SFI
· Slot boundary

When dynamic SFI and InvalidSymbolPattern are configured, the generation of PUSCH repetition type B is affected by the following:
· Semi-static SFI
· dynamic SFI;
· InvalidSymbolPattern
· slot boundary

In Figure 1, one example is provided for the case where dynamic SFI and InvalidSymbolPattern are configured for a UE.
[image: ]
Figure 1 PUSCH repetition Type B

One can see that any or all from semi-static SFI, slot boundary and InvalidSymbolPattern can result in segmentation of PUSCH repetition type B transmission, and we have 

Observation: how to handle segmentation is an important issue in the design of frequency hopping schemes for PUSCH repetition Type B.

2.2 Frequency hopping

In Rel-15, inter-slot frequency hopping and intra-slot frequency hopping are supported for PUSCH transmission. In the case that intra-slot frequency hopping is configured, PUSCH in a slot is carried over two hops and an index to the frequency hopping offset for the second hop is indicated in DCI format 0_1/0_0. In the case that inter-slot frequency hopping is configured, a frequency hopping offset indicated in DCI format 0_1/0_0 is applied to PUSCH in odd-indexed slots.

For PUSCH repetition Type A, the same design as in Rel-15 can be used for both intra-slot frequency hopping and inter-slot frequency hopping.

For PUSCH repetition Type B, we consider a number of frequency hopping schemes:
1. With inter-slot frequency hopping, the same frequency offset is applied all the PUSCH repetitions within the same slot, including PUSCH segments within that slot, and the frequency offset alternates between two values (zero and ) for slots with the PUSCH allocation;

The starting RB during slot  is given by:

	    (1) 

We note such a design is captured in the Rel-16 specification through the reference to PUSCH repetition type A inter-slot frequency hopping: “In case of inter-slot frequency hopping, the starting RB during slot  follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Subclause 6.3.1.” 

2. With inter-PUSCH repetition frequency hopping, the frequency offset alternates between two values (zero and ) for PUSCH nominal repetitions. Let  be the PUSCH repetition index,   is configured through higher layer signaling or is signalled dynamically. Then the starting RB position for PUSCH repetion , is given by:



If a PUSCH nominal repetition is segmented, then each actual repetition still follows formula (2) so no additional frequency hopping is introduced for actual repetitions derived from one PUSCH nominal repetition. Two examples are provided in Figure 1.
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Figure 2 Inter-PUSCH repetition hopping

3. 

With intra-PUSCH repetition, each PUSCH repetition which is not segmented is divided into two 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 a nominal PUSCH repetition, and the starting RB in each hop is given by

                                 (3)

For a PUSCH nominal repetition which is segmented into actual repetitions, as hopping between actual repetitions already provides good frequency diversity, there should be little incentive to create frequency hopping within each actual repetition, and in that case frequency hopping with an actual repetition is disabled. We propose to consider the following options for frequency hopping among actual repetitions resulted from one nominal repetition:

· Option 1: the starting RB of each actual repetition can be fixed to  or ;
· Option 2: denote the symbol indexes of PUSCH by 1, 2, …, , any actual repetition which contains a symbol with symbol index from {1, …, } start from PRB ; and actual repetition which does not contain a symbol with symbol index from {1, …, } starts from PRB ;

In Figure 2, one example following Option 2 is provided.

[image: ]
         Figure 3 Intra-PUSCH repetition hopping (Option 2)


Option 2 is preferred over Option 1 as it may provide better frequency diversity. In summary, when a single actual repetition is resulted from a nominal repetition, then intra-actual repetition frequency hopping is performed; and when there are more than one actual repetitions under a nominal repetition, intra-actual repetition frequency hopping is disabled; all symbols in an actual repetition hop together. Denote the symbol indexes of PUSCH by 1, 2, …, , any actual repetition which contains a symbol with symbol index from {1, …, } start from PRB ; and actual repetition which does not contain a symbol with symbol index from {1, …, } starts from PRB 
We have

 

Proposal 2-1: for inter-PUSCH repetition frequency hopping, if a PUSCH nominal repetition is segmented, all the actual repetitions derived from that PUSCH nominal repetition start with the same starting RB;

Proposal 2-2: for intra-PUSCH repetition frequency hopping, if a PUSCH nominal repetition is segmented into two or more actual repetitions, all symbols from an actual repetition which contains a symbol with symbol index from {1, …, } start from PRB ; and all symbols from an actual repetition which does not contain any symbol with symbol index from {1, …, } start from PRB .


3. Conclusions
In this contribution we share our views on PUSCH enhancements for eURLLC in Rel-16. We have

Observation: how to handle segmentation is an important issue in the design of frequency hopping schemes for PUSCH repetition Type B.

Proposal 2-1: for inter-PUSCH repetition frequency hopping, if a PUSCH nominal repetition is segmented, all the actual repetitions derived from that PUSCH nominal repetition start with the same starting RB;

Proposal 2-2: for intra-PUSCH repetition frequency hopping, if a PUSCH nominal repetition is segmented into two or more actual repetitions, all symbols from an actual repetition which contains a symbol with symbol index from {1, …, } start from PRB ; and all symbols from an actual repetition which does not contain any symbol with symbol index from {1, …, } start from PRB .
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