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1 Introduction

In last RAN1#77 meeting, following agreements were made:

Agreement: 

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

· Details FFS, including: 

· FFS whether the hopping is PUCCH-like or PUSCH-like or something else.

· FFS: Whether or not frequency hopping is used, e.g:

· configurable for Mode 1

· preconfigured for Mode 2

· FFS details of hopping parameters and how they are (pre-)configured

· Intra-subframe frequency hopping is not supported (neither for data communication nor for discovery nor for SA transmission)

Agreement:
· The time-frequency hopping pattern(s) used for type 2B discovery is/are deterministic
· Details to be decided at RAN1#78
Conclusion: 

Patterns for consideration to be provided by email by 5th June, then discuss following possible agreements until 17th June, then evaluations/analysis/thoughts to be provided at RAN1#78 – Hossein (HW). 
In this contribution, we would like to discuss inter-subframe time/frequency hopping options for data/discovery/SA. We would like to propose having the same time/frequency hopping equation for data, SA and discovery. Some general considerations on T-RPT design or randomization pattern design could refer to our another companion contribution [1]
2 Inter-subframe frequency hopping options
PUCCH-like hopping:

Current PUCCH hopping only applies to intra-subframe hopping.. Figure 1 shows PUCCH hopping across the slot. In current specification, PUCCH hopping is symmetric according to the centre frequency of the bandwidth. It is questionable whether PUCCH-like hopping in D2D is symmetric to the centre frequency of the bandwidth or of the D2D resource pool. The advantages and disadvantages of PUCCH-like hopping are listed below.
Advantage:

· If PUSCH and D2D are multiplexed in the same subframe, frequency segmentation can be reduced if D2D region is allocated at edge of the bandwidth, which avoids the PUSCH multi-cluster issue

Disadvantage:

· In-band emission. Due to fixed and mirrored pattern position, two UEs might always have strong interference to each other. For example, in Figure 1, UE#2 and UE#1 might always interfere with each other due to IQ image and UE#2 and UE#4 might always interfere with each other due to fixed hopping position. In-band emission can be a serious problem if the power difference between two UEs is large, i.e. one at cell edge and one at cell center.

· More collision due to fixed hopping positions. If two UEs collide on one subframe on the same PRB, after frequency hopping, they will collide again if they are again transmitted on the same subframe. Time domain randomization can help solve the issue.
· Current specification only defined slot-level hopping. Extension to subframe-level for D2D seems necessary, which means extra specification work
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Figure 1. PUCCH hopping
Therefore, we propose:
· Not to use PUCCH-like hopping.
PUSCH-like hopping:

1. PUSCH type 1 like hopping

In PUSCH type 1 hopping, explicit hopping fixed offset is signalled by PDCCH. In Figure 2, UE1 is configured with PUSCH type 1 hopping with inter-subframe hopping. We can see the position of hopping is fixed. PUSCH type 1 like hopping has the disadvantage of collision due to fixed hopping position, similar as PUCCH-like hopping.

2. PUSCH type 2 like hopping

In PUSCH type 2 hopping, allocation jumps among subbands according to pre-determined pseudo-random pattern. In Figure 2, UE2 is configured with PUSCH type 2 hopping with inter-subframe hopping. If applying PUSCH type 2 like hopping to D2D, it has following advantages and disadvantages.
Advantage:

· Less collision due to random hopping among subbands

· More frequency diversity

· Less in-band emission. The relative position of PUSCH from different UEs is changing. One UE will not always be strongly interfered by the same UE.

Disadvantage:

· Time domain randomization needs to be separately considered. We proposed to have time domain randomization in companion contribution [1] to solve collision.
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Figure 2. PUSCH type 1 and type 2 hopping
Discovery 2B-like hopping:

Time/frequency hopping for discovery type 2B was discussion in last RAN1 meeting and the discussion was continued in RAN1 [77-19]. The design target for type 2B hopping is to solve half duplex and in-band emission.  Many companies proposed their hopping pattern. Some company proposed to divide the discovery period by the number of transmission of a discovery message and to apply the time/frequency hopping equation to sub-partitioned period. In this way, half duplex and in-band emission problem has the potential to be solved in one discovery period. 
We see that this approach of sub-partitioning can also be applied to data/SA hopping.  In our contribution [1], we proposed to use sub-partitioning for the transmission of a MAC PDU. It means that a SA period could be equally divided into M (M is the number of transmission for the same MAC PDU) sub-partitioned periods or be split based on other approaches. Each transmission of the MAC PDU is within one sub-partitioned period. The time/frequency hopping equation is applied to each sub-partitioned period. The same can be done for SA. This approach can achieve good time diversity gain. Seeing the similarity between discovery hopping and data/SA hopping, we propose that the same time/frequency hopping equation is used for SA, data and discovery.
For discovery, if repetition within a discovery period is supported for handling collision, we think sub-partitioning is also needed to reduce collision. 
Among the proposed hopping patterns for discovery 2B, we see that potential problem can occur when T-F transposition is applied to data, one of which was proposed in [2]. 

We see that problem can occur due to the variable PRB size of data transmission in T-F transposition. The following example shows the potential problem of variable PRB size. In the example, the equation is used to decide the starting index of the transmission and block principle is used. If the resource allocation of the first sub-period (p=0) is as in figure below, following the rule, the resource allocation in the second sub-period (p=1) should look like the middle figure. In the third sub-period (p=2), allocation #2 will be split into two non-contiguous RB; #5 has no resource to allocate because #3, #4 and #5 on the same subframe exceeds to the total number of available RBs. Therefore, we propose that T-F transposition is not preferred if it results in multiple cluster transmission.
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Figure 3. Example of potential problem with T-F transposition when applied to variable PRB size
Proposal:
· Sub-partitioning within one SA period is considered for SA and data randomization 
· Sub-partitioning is not needed for discovery in case of no repetition within one discovery period

· If repetition is considered for discovery as well (within one discovery period) for collision handling, sub-partitioning is also needed.

· Same hopping equation is used for data, SA and discovery

· When sub-partitioning is used, hopping equation is used among sub-partitioned periods. For discovery, hopping equation is applied among discovery periods.

· T-F transposition is not preferred if it results in multiple cluster transmission
3 Conclusion
In this contribution, we discussed time/frequency hopping options for SA/data/discovery. We have following proposals:

Proposal:

· Not to use PUCCH-like hopping

· Sub-partitioning within one SA period is considered for SA and data randomization 
· Sub-partitioning is not needed for discovery in case of no repetition within one discovery period

· If repetition is considered for discovery as well (within one discovery period) for collision handling, sub-partitioning is also needed.

· Same hopping equation is used for data, SA and discovery

· When sub-partitioning is used, hopping equation is used among sub-partitioned periods. For discovery, hopping equation is applied among discovery periods.

· T-F transposition is not preferred if it results in multiple cluster transmission
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