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1. Introduction
In 3GPP RAN1 #78 meeting, frequency hopping for D2D data, scrambling and DMRS details for D2D data were discussed, and the following agreements were made: 
Agreement:

· PUSCH like hopping is used for D2D Data

· Both Type 1 PUSCH hopping and Type 2 PUSCH hopping are supported for D2D data

· Type 2 PUSCH hopping for D2D data uses a hopping ID that is configured with the SA resource pool configuration

· For Mode 2 data, the hopping only applies to the resources configured in the resource pool

Agreement:
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(Blue for the previous agreements and working assumptions, red for the new agreements)
In this contribution, we discuss about remaining issues for D2D control and data transmission including frequency hopping details and slot number of DMRS for D2D data.

2. Discussion

2.1. Slot number
Slot number is needed to generate frequency hopping, scrambling and base sequence of DMRS for D2D Data. Some issues is raised in email discussion [77-20] that how receive UEs can know different slot numbers to communicate with transmit UEs in other asynchronous networks. To address the issue, we can consider the following methods:

Slot number of frequency hopping, scrambling and base sequence of DMRS for D2D Data can be substituted by 

1. the virtual slot number used in only D2D data resource pool, which is continuously renumbered in the pool.

2. offset slot number from starting slot or ending slot of D2D SA resource pool.

3. slot number which is continuously renumbered within T-RPT.

4. cellular slot number assuming eNB can inform neighbour cell’s slot number to D2D UEs.
It is not possible for mode 1 UE to use method 1, since there is no configuration of data resource pool. For mode 1, methods 2, 3, and 4 are applicable. 

In terms of frequency hopping, methods 1, 2, and 4 sometimes decrease frequency diversity gain. It is because frequency hopping can seldom occurred depending on slot number of some of T-RPT patterns. For example, if T-RPT indicates 1, 3, 5, 7 subframes, and type 1 frequency hopping is utilized, any diversity gain cannot be achieved by frequency hopping when resource pool is configured in subframes from 1 to 7 continuously. On the other hand, since D2D UEs has resource pool specific or cell specific slot number in methods 1, 2, and 4, it becomes easy for these methods to avoid collision between D2D UEs by frequency hopping. 
On the other hand, methods 3 can make collision between D2D UEs, since UE specific slot number is used. However, since frequency hopping per subframe can be well accomplished when using methods 3, it is more effective to obtain diversity gain. There are different pros and cons depending on methods.
If using methods 2 or 4 for mode 1, some T-RPTs can decrease diversity gain as mentioned above. However, for mode 1, eNB can select resource pattern properly, and allocate the T-RPT pattern not decreasing diversity gain seriously. Based on the assumption, we think methods 2 and 4 are more proper for mode 1 than others in the sense that resources of multiple D2D UEs can be orthogonalized by the eNB scheduling. Out of these methods, we slightly prefer method 4 for the simplicity and the potential of resource orthogonalization even with cellular UL transmissions. However, unless eNB can inform neighbour cell’s slot number to D2D UEs, method 2 can be used.
For mode 2, T-RPT pattern is randomly selected by transmit UE with equal probability, and thus, if using methods 1, 2 or 4, it is sometimes difficult to obtain diversity gains from frequency hopping. Then, we prefer to use method 3 in mode 2 where random T-RPT selection is performed.
Although the different principles for slot number are applied for mode 1 and mode 2, we think UEs can implicitly recognize which mode is for a resource pool by checking whether data resource pool is configured in association with the received SA.

Proposal 1: Slot number of frequency hopping, scrambling and base sequence of DMRS for D2D Data can be substituted by 
A. cellular slot number for mode 1. Unless eNB can inform neighbour cell’s slot number to D2D UEs, the slot number can be substituted by offset slot number from starting slot or ending slot of D2D SA resource pool for mode 1.
B. slot number which is continuously renumbered within T-RPT for mode 2.

2.2. Frequency hopping
In the previous meeting, it is agreed that PUSCH like hopping is used for D2D Data. There are two types of frequency hopping in PUSCH hopping; type 1 and type 2. For mode 1, we think there is no problem to reuse the same equation of type 1 and type 2 PUSCH hopping except for the following point.
In RAN1 #77 meeting, it is agreed that only inter-subframe frequency hopping is supported, not intra-subframe frequency hopping. PUSCH hopping is accomplished depending on CURRENT_TX_NB in  inter-subframe mode, where CURRENT_TX_NB indicates the transmission number for the transport block. However, if using CURRENT_TX_NB for inter-subframe hopping in D2D scenario, D2D resource blocks may be collided, since T-RPT pattern indicated for each UE is different one another. Then, to avoid this issue, subframe numbers or 
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can be used instead of CURRENT_TX_NB in PUSCH hopping.
For mode 2, D2D data resource pool is indicated by two same sized resource pools, each of which consists of continuous sub band. Also, it is agreed in the previous meeting that the hopping only applies to the resources configured in the resource pool. To keep the rule, we can utilize virtual domain for hopping to be applied in mode 2. The virtual domain consists of only D2D resources, which has renumbering continuous resource blocks. After hopping is carried out in the virtual domain, resource blocks in the virtual domain are transformed into those in the physical domain. To use this method in type 1 and type 2 PUSCH hopping, hopping offset term needs to be set to 
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 in PUSCH hopping equation, and hopping band needs to be changed as 
[image: image4.wmf]prblength

N

PUSCH

RB

´

=

2

, where prblength is the frequency size of one continuous resource in resource pool. Additionally, for type 2, the size of the hopping subband has to be changed as
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For mode 2, transmit UE cannot receive DCI information by eNB. Thus, we propose that mode 2 frequency hopping is preconfigured as “always active”.

Sometimes, we may have discontinuous resource blocks in physical domain after hopping. If those happen, the data transmission in the subframe should be dropped.
Proposal 2: CURRENT_TX_NB in PUSCH hopping is substituted with subframe number.

Proposal 3: For mode 2, frequency hopping is carried out in the virtual domains which consist of only D2D resource pools. The following modification in hopping equation is accompanied:

For both types 1 and 2,
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For type 2,
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Proposal 4: Mode 2 frequency hopping is preconfigured as “always active”.
Proposal 5: For mode 2, data transmission is dropped in a subframe if it is mapped to discontinuous PRBs.
2.3. CRC masking
As stated in the RAN2 LS [1], “discovery message size for both public safety and non-public safety is same i.e. 224 bits”. In order to differentiate PS and non-PS discovery signal, we simply propose to scramble different CRC masking with different two IDs. Through checking CRC two times, D2D UEs can recognize whether discovery signal format is for PS or non- PS.
Proposal 6: In order to differentiate PS and non-PS discovery signal, different CRC masking is used for PS and non-PS.
2.4. Priority for D2D signals collision
Since it is not prohibited that resource pools of D2DSS, SA, discovery, and data are partially overlap with each other, it may be sometimes occurred that different D2D signals/channels are scheduled to be transmitted from a single UE in a given carrier. To address the issue, priority for D2D signals collision may be needed, where D2D signals with the highest priority is transmitted at the collided resource, and the other signals can be dropped without transmission. We note that the D2D signal prioritization issue may arise if simultaneous D2D operation in two carriers is supported [2].

In general, D2DSS/PD2DSCH can have the highest priority as it is the first signal/channel a UE needs to receive for D2D. SA, data, and discovery can follow in the order of priority considering the impact of losing one transmission of them. In addition, resource allocation method can be considered in the priority. For example, D2D transmissions using a resource allocated by eNB can have higher priority that those using a resource selected in a UE autonomous way. In case where D2D is configured on multiple carriers, priority can be defined in the carrier domain as well.
Proposal 7: In order to avoid collision among transmit signals, RAN1 make a priority among D2D signals. D2D signal with the highest priority is transmitted, and the other signals can be dropped without transmission.
3. Conclusion
In this contribution, we discussed slot numbers for frequency hopping, scrambling and base sequence of DMRS for D2D Data. Also, frequency hopping, CRC masking for discovery signal, and priority for D2D signals collisions are discussed. The following proposals based on the discussion are given:
Proposal 1: Slot number of frequency hopping, scrambling and base sequence of DMRS for D2D Data can be substituted by 
A. cellular slot number for mode 1. Unless eNB can inform neighbour cell’s slot number to D2D UEs, the slot number can be substituted by offset slot number from starting slot or ending slot of D2D SA resource pool for mode 1.
B. slot number which is continuously renumbered within T-RPT for mode 2.

Proposal 2: CURRENT_TX_NB in PUSCH hopping is substituted with subframe number.

Proposal 3: For mode 2, frequency hopping is carried out in the virtual domains which consist of only D2D resource pools. The following modification in hopping equation is accompanied:

For both types 1 and 2,


[image: image9.wmf]0

~

=

=

HO

RB

HO

RB

N

N



[image: image10.wmf]prblength

N

PUSCH

RB

´

=

2


For type 2,
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Proposal 4: Mode 2 frequency hopping is preconfigured as “always active”.
Proposal 5: For mode 2, data transmission is dropped in a subframe if it is mapped to discontinuous PRBs.
Proposal 6: In order to differentiate PS and non-PS discovery signal, different CRC masking is used for PS and non-PS.

Proposal 7: In order to avoid collision among transmit signals, RAN1 make a priority among D2D signals. D2D signal with the highest priority is transmitted, and the other signals can be dropped without transmission.
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