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1 Introduction

For UL hopping, the feature dependency analysis [1] uses inconsistent notation. This contribution provides the minimal changes to the dependency analysis using the current RAN5 terminology. However, examining the current (different) terminology used in RAN1 and RAN5 for UL hopping reveals that UL Hopping is overly complicated. This contribution also discusses how the different hopping modes will be used, and proposes revising and realigning the UL Hopping description.
2 Terminology
TS36.213 describes Type 1 (hopping by grant) and Type 2 (predefined pattern) Hopping. In fact, given that mirror hopping and inter/intra hopping are available for each Type, there are currently 12 configurations of UL hopping (intra and inter TTI for each of: type 1 mirror hopping or non-mirror hopping, type 2 Nsb=1,2,3,4).The RAN5 priority spreadsheet lists 5 types of frequency hopping patterns, which are not the same as the Type 1 and Type 2 in 36.213.

Type 0: No hopping

Type 1: Predefined inter-TTI frequency hopping

Type 2: Frequency inter-TTI hopping (scheduled by uplink grant)

Type 3: Predefined intra-TTI frequency hopping

Type 4: Frequency intra-TTI hopping (scheduled by uplink grant)

Currently, all hopping configurations are given high priority in the RAN5 list except the last “Type 4: Frequency intra-TTI hopping (scheduled by uplink grant).” In addition, RAN1 also informed RAN5 that predefined hopping (36.213 type 2, or RAN5 types 1 and 3) needs initialization by higher layer or by hopping by grant. So far, RAN5 has not changed the priority of Type 4 to the same as Type1/3, as initialization by higher layer is listed as a possible way to configure. However, as RAN2 has decided to initialize SPS by the grant, the initialization for Type 1/3 predefined hopping when used with SPS may not be tested, which unfortunately is a typical usage of Type 1/3.
3 Changes to Dependency Draft based on Terminology
The dependency draft lists several items which appear to be related to UL hopping, which mostly use the RAN5 hopping mode terminology. The following are the minimal changes to correct the draft based on the RAN5 terminology. However, as discussed in later sections we may wish to have RAN5 clarify their list to use the RAN1 terminology to avoid confusion.
	Mapping to physical resources: type 4
	For support type 2,3 if no high layer signalling


However, type 4 supports RAN5 type 1 and 3, not 2 and 3. The dependency should be changed to type 1,3.
	VoIP optimization (SPS)
	Intra-TTI hopping (type 3)

VRB to PRB mapping: Distributed 
Resource allocation type 1,2

(except for BCH, PCH, RACH response)
	Type 3 is valuable for high speed mobility case


Using RAN5 terminology, both type 1 and type 3 are for VoIP optimization, not just Type 3, with type 1 (inter-) most valuable for high speed case. “Intra-TTI hopping (type 3)” should be changed to “UL Hopping type 1 & 3”, and the comment should be changed from Type 3 to Type 1.
The xls spreadsheet in the dependency draft also contains a low priority item

UE hopping procedure: type 1

This appears to be using TS36.213 terminology, though to be precise it is Type 1 intra-subframe hopping that is low priority. Using RAN5 terminology, should be changed to type 4 in the xls.

4 Usage of UL Hopping Modes
Examining the UL hopping modes and terminology reveals there are currently 12 configurations of UL hopping.

1. Type 1 (hopping by grant), intra-subframe, mirroring (Nsb = 1)

2. Type 1 (hopping by grant), inter-subframe, mirroring (Nsb = 1)

3. Type 1 (hopping by grant), intra-subframe, non-mirroring (Nsb>1)

4. Type 1 (hopping by grant), inter-subframe, non-mirroring (Nsb>1)

5. Type 2 (predefined hopping pattern), intra-subframe, mirroring (Nsb=1)

6. Type 2 (predefined hopping pattern), intra-subframe, Nsb=2

7. Type 2 (predefined hopping pattern), intra-subframe, Nsb=3

8. Type 2 (predefined hopping pattern), intra-subframe, Nsb=4

9. Type 2 (predefined hopping pattern), inter-subframe, mirroring Nsb=1

10. Type 2 (predefined hopping pattern), inter-subframe, Nsb=2

11. Type 2 (predefined hopping pattern), inter-subframe, Nsb=3

12. Type 2 (predefined hopping pattern), inter-subframe, Nsb=4

For convenience of discussion of the 12 configurations, let us 

•
Separate out the Mirror Hopping options (Nsb=1) as a new Type 0. 

•
Consider Nsb=2,3,4 Type 2 hopping as one mode (the selection of 2,3,4 may be based on bandwidth or some other factor, not clear what)

•
Hold off for a moment the discussion on how we should use intra or inter TTI hopping

Then, we have the expected use of the hopping modes

Type 0 Mirror Hopping:  baseline hopping operation, reclaim unused PUCCH resources

Type 1 Hopping by Grant:  optimization, mixing channel dependent and hopping users in a subframe, non-SPS or SPS, (if desired) interference randomization or interference coordination

Type 2 Predetermined Hopping Pattern: optimization, only hopping users in a subframe, SPS VoIP, interference randomization

The type 1 and 2 may have some corner cases where the modes could be used (e.g., even with predetermined users hopping all over the total bandwidth, some non-hopping users could be multiplexed in the holes), but above is how they practically will be used. Some discussion on this usage is in [2], though that document did not discuss filling in PUCCH holes for mirroring or that type 1 can be easily used on the top ½ of bandwidth in a subframe using the smaller offset.
For the use of intra or inter TTI hopping, both should be available on a UE specific basis – low speed UEs should use intra TTI, and med-high speed UEs should use inter TTI. Right now, the inter- or intra- TTI flag is a cell-specific parameter where it should be UE specific. (If type 2 hopping is used, the eNB will just make UE need to have the same setting.)
5 Conclusion
This contribution provided several minimal changes to the dependency draft and xls based on using a consistent RAN5 terminology to describe the RAN1 UL hopping modes. 

However, we may wish to clarify the 12 RAN1 UL hopping modes and then have RAN5 clarify their list to use the RAN1 terminology to avoid confusion. The following is the recommendation for UL hopping:
In RAN1: Separate the mirroring hopping mode as a Type 0.

To RAN5: Explain they should revise the current table (which has a row on type 0 to 4 and a row on the hopping bit which are not well aligned with the RAN1 specs) to just list Type 0, Type 1, and Type 2. Type 0 should be given high priority. Type 1 and 2 should be given the same priority (high or med) to avoid a complicated description of the interaction for initialization.

To RAN2: Make intra- or inter- TTI a UE specific configuration. For the feature dependency, Type 0 is a high priority baseline that should not be in the table at all. If Type 1 and 2 are set to med priority, Type 1 and 2 can be listed in a new med priority column. If Type 1 and 2 set to high priority, at least type 2 should be listed in VoIP Optimization (SPS) column.
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