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1. Introduction

This contribution provides a text proposal on a correction PUSCH frequency hopping in TS 38.214 v15.3.0 [1].
2. Correction for PUSCH frequency hopping

In NR specification, frequency hopping is supported for PUSCH and PUCCH. As well known, the frequency hopping is used to obtain additional frequency-selective diversity when localized frequency resource is allocated. In order to confine the frequency resource of each hop in the active UL BWP, a modulo operation is used in the specification.
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where i=0 and i=1 are the first hop and the second hop respectively, and 
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 is the starting RB within the UL BWP. However, this equation only guarantee the starting PRB of each hop is in the active UL BWP, but cannot guarantee all PRBs of the hop to be confined in the active UL BWP. 
As shown in Figure 1, if the active BWP in size of N RBs spans from PRB 0 to PRB #(N-1). According to the gNB’s UL scheduling grant with resource allocation type 1, the starting PRB index of the 2nd hop of PUSCH is PRB #(N-1-M), and the number of PRBs of the 2nd hop is P. Thus the ending PRB of the 2nd hop is PRB #(N-1-M+P). If P>M, the ending PRB index of the 2nd hop will be outside the active BWP. In this case, a part of the 2nd hop of PUSCH cannot be correctly transmitted. 
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Figure 1: Potential problem of the legacy modulo equation for UL frequency hopping
To solve this problem, three options can be considered:
· Option 1: Treat this scenario as an error case, i.e. UE does not expect that the scheduled frequency resource for any hop is partly outside the active UL BWP.

This option depends on gNB implementation to guarantee all PRBs of each hop is confined in the BWP.

· Option 2: Move the PRBs outside the active UL BWP into the BWP adjacent with the remaining part of the hop, as shown in Figure 2.
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Figure 2: Option 2: Moving the part outside BWP back

· Option 3: Improve the modulo equation to take the whole hop into account, i.e. if the ending PRB is outside the active UL BWP, the hop is wrap around. This is a straightforward approach by slightly change the equation as below (as shown in Figure 3):
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where
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 is the number of contiguously allocated resource blocks, which is known by the scheduled UE.
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Figure 3: Option 3: Improved modulo operation for UL frequency hopping
The similar equation can be applied for multi-slot frequency hopping scenario.
Since Option 3 can solve the problem and minimize the correction to the specification, we suggest to adopt the following text proposal for the correction.
------------------------- Start of the text proposal for TS 38.214 -----------------------
6.3 
UE PUSCH frequency hopping procedure
[Unchanged part is omitted]
……
For a PUSCH scheduled by DCI format 0_0/0_1 or a PUSCH based on a Type2 configured UL grant and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists 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.
The starting RB in each hop is given by:
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where i=0 and i=1 are the first hop and the second hop respectively, and 
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 is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in sub-clause 6.1.2.2.2) and 
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is the frequency offset in RBs between the two frequency hops. 
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 is the number of contiguously allocated resource blocks.
In case of intra-slot frequency hopping is configured, the number of symbols in the first hop is given by 
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, the number of symbols in the second hop is given by 
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 is the length of the PUSCH transmission in OFDM symbols in one slot.
In case of inter-slot frequency hopping, the starting RB during slot 
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 is given by:
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where 
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 is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place, 
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 is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in sub-clause 6.1.2.2.2) and 
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is the frequency offset in RBs between the two frequency hops.

------------------------- End of the text proposal -----------------------
3. Conclusions
Adopt the TP in Section 2.
4. References

[1] 3GPP TS 38.214 v15.3.0 (2018-09).
_1599549865.unknown

_1599553889.unknown

_1599554915.unknown

_1599556154.unknown

_1599549867.unknown

_1599549869.unknown

_1599549870.unknown

_1599549868.unknown

_1599549866.unknown

_1599549861.unknown

_1599549863.unknown

_1599549864.unknown

_1599549862.unknown

_1599549755.unknown

