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1 Introduction

On RAN #83, a WI [1] was approved for NR URLLC and one objective is: 

· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
On RAN1 #97, Option 4 was agreed so that both mini-slot repetition and multi-segment transmission are supported for PUSCH enhancements. 

In this contribution, we discuss two remaining issues as TBS determination and frequency hopping.   

2 Discussion
2.1
TBS determination
A number of proposals were discussed for TBS determination, and basically, there are two approaches, one is repetition based and the other is total based. For the repetition based approach, which repetition to use is configurable, e.g., the first, the shortest, the longest or the nominal repetition, and the number of REs from this repetition is used to determine the TBS. Accordingly, the number of REs from all repetitions or segments is used to determine the TBS for the total based approach.  

The drawbacks of the repetition based approach are inflexible scheduling and link performance loss due to based graph mismatch. Since the number of REs is calculated with one repetition, it is much smaller than that calculated with all repetitions together, so for a certain TBS, the number of MCS choices must be limited which restricts the gNB scheduling flexibility. Additionally, with the choices of MCS limited, the selected MCS may be not optimal from all repetitions together point of view, which is known as base graph mismatch, and in that case, the link performance is degraded with the same amount of resources assumed. 
The drawback of the total based approach is that the code rate in the initial several repetitions may be too high to be self-decodable, which may increase the UL latency in average. Additionally, if early termination is assumed, the drawback may result in bad spectrum efficiency. 
Comparing the advantages and disadvantages of both approaches, we prefer the total based approach but with the code rate capped for a selected repetition. A code rate threshold can be configured to the UE when the connection is setup, and if the code rate of the selected repetition is higher than the configured threshold, the TBS can be decreased proportionally according to the threshold. The selected repetition could be the first, the shortest, the longest or the nominal one, which could be either configurable or hard coded.  
This method of code rate capping can be explained with an example, a UL grant is received with MCS 8, 8 PRBs, and 4 repetitions with 8 symbols. One DMRS symbol is assumed in the first repetition and all other repetitions have no DMRS. TBS can be calculated as 32 Bytes with the total based approach. It is not difficult to calculate code rates after each repetition as given in Figure 1 below. It can be observed that the code rate after the first repetition is 1.3 which means this repetition alone is undecodable. The gNB may decode the TB successfully only after the second repetition. 

To make sure the first repetition is decodable, the gNB can configure a maximum code rate for a selected repetition, for instance, 0.9 for the first repetition, and TBS is reduced proportionally if it is higher than the maximum code rate. For the same example, TBSnew can be 22 Bytes (= TBSold (32 Bytes) * 0.9 / 1.3). 
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Figure 1 Code rates after each repetition
With the code rate of the first repetition reduced to 0.9, the overall code rate of all 4 repetitions together is 0.13 and the corresponding link may be over reliable. In that case, the gNB can reduce the number of repetitions to 3 so that the overall reliability of all repetitions together can be roughly unchanged (0.18).  
Proposal 1: it is proposed for the TBS determination to use the total resource based approach but with the code rate of a selected repetition capped according to a configured maximum value. 
2.2
Frequency hopping
Frequency hopping can be considered to enhance the reliability of PUSCH with repetitions. Depending on the size of one repetition, the frequency can be hopped every one or more repetitions. A UE can be configured with multiple configurations whose first transmission occasions are different in time so that the UE can select the earliest one to start transmission to reduce the queuing latency. 

With frequency hopping supported, a set of time/frequency resources may belong to different transmission occasions from different configurations. To avoid the gNB to blindly search from multiple positions in frequency to decide which configuration is used by the UE, it is expected that different configurations should hop to the same frequency if different repetitions are same in time, which means each configuration should have the same hopping sequence but a different offset. And the offset is determined by the first repetition of the configuration. 

Since repetition level frequency hopping is expected, both inter-slot and inter-repetition hopping need to be supported. Additionally, intra-repetition hopping is not necessary as it will increase the overhead of DMRS. Anyway intra-repetition hopping is always possible by implementing inter-repetition hopping with a shorter repetition duration. 

As clarified in Option 4, it may happen that a repetition may be postponed to a later occasion due to collisions with for example, symbols indicated as DL by SFI, SRS or PUCCH symbols, and once it happens, the number of effective diversities may be impacted with hops postponed. It can be considered to dynamically adjust the offsets of frequency hopping when there are postponed hops. 

For DFT pre-coded OFDM, continuous resources in frequency are required, independent frequency hopping between UEs may create discontinuous pieces within the bandwidth which will degrade the overall spectrum efficiency. Hopping sequences of different UEs may need to be coordinated by the gNB but once one UE’s hopping sequence is changed, it may impact several others. Therefore it is up to the gNB to decide whether/how to adjust the offsets of frequency hopping. 
Proposal 2: it is proposed to support both inter-slot and inter-repetition hopping.

FFS: for configured grant, frequency hopping with hop(s) postponed.
3 Conclusion
In this contribution, TBS determination and frequency hopping of PUSCH enhancements are discussed, and based on above discussions, we have the following proposals: 

Proposal 1: it is proposed for the TBS determination to use the total resource based approach but with the code rate of a selected repetition capped according to a configured maximum value. 
Proposal 2: it is proposed to support both inter-slot and inter-repetition hopping.

FFS: for configured grant, frequency hopping with hop(s) postponed.
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