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1 Introduction

This contribution will focus on resource allocation for inter-cell discovery which is expected to be discussed in RAN1#76 under section 7.2.8.2.2[1].  

2 Discussion

When two or more UEs are allowed to directly discover one another, it is possible that UEs are spread across two or more cells, i.e. a case of inter-cell discovery. Inter-cell D2D ProSe discovery is one of the focus areas in RAN1 and RAN2 according to section 8.3.1 of [2].

A general case of inter-cell discovery is shown in Figure 1 where UEi1 and UEi2 are camped on cell ‘i’ served by eNBi and UEk1 and UEk2 are camped on cell ‘k’ served by eNBk. UEi1 and UEk1 are participating in inter-cell discovery. In each cell, discovery resources are allocated periodically with periods  
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 which are assumed to be equal for subsequent analysis. Within each discovery period, time-frequency resources for discovery are allocated over intervals of 
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 in respective cells.  Although in general, 
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 could be different, they are assumed to be equal for subsequent analysis. The carrier frequencies of cell ‘i’ and cell ‘k’ are denoted by 
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; the time offset between discovery resources of cell ‘i’ and cell ‘k’ are denoted by
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Figure 1: Generic Inter-cell discovery scenario.
In the subsequent sections, we analyse resource allocation for inter-cell discovery under different scenarios.

2.1 Intra-frequency inter-cell discovery in synchronous cell deployment

In intra-frequency case, cell carrier frequencies are equal, i.e. 
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. In case of synchronous cell deployment, it may be assumed that UEs can acquire discovery signals from neighbour cells without any additional synchronisation phase.  

If D2D discovery resources are non-orthogonal to cellular resources in the neighbour cell, D2D transmissions in one cell could introduce co-channel interference to cellular transmissions in the other cell and vice-versa. For example consider a TDD cell deployment shown in Figure 2 where UEi1 is participating in cellular communications while UEk1 and UEk2 are in IDLE state and participating in D2D discovery. It is assumed that UL subframe index 2, 3, 4, 7, 8, 9 in a particular radio frame is assigned for D2D discovery in cell ‘k’. In this particular example, UEk2 transmits discovery signals in subframe index 2, 3 and 9 whereas subframe index 4, 7, and 8 are used by UEk1 for discovery signal transmission. D2D signal reception in UEk1 in subframe 2, 3 and 9 is interfered by the cellular uplink transmissions of UEi1 in those subframes. Moreover, eNBi may experience co-channel interference on the UL signal from UEi1 in subframe index 4, 7 and 8 due to discovery signal transmission of UEk1 in those subframes. 

[image: image12.emf] 

0-DL 1-DL,GP,UL 2-UL 3-UL 4-UL 5-DL 6-DL,GP,UL 7-UL 8-UL 9-UL

TDD 

UE

i

1

TDD 

UE

k

1

0-DL 1-DL,GP,UL 2-D2D RX 3-D2D RX 4-D2D TX 5-DL 6-DL,GP,UL 7-D2D TX 8-D2D TX 9-D2D RX

eNB

i

UE

i

2

UE

i

1

UE

k

1

UE

k

2

eNB

k

TDD 

UE

k

2

0-DL 1-DL,GP,UL 2-D2D TX 3-D2D TX 4-D2D RX 5-DL 6-DL,GP,UL 7-D2D RX 8-D2D RX 9-D2D TX


Figure 2: co-channel interference.
Co-channel interference between D2D and cellular in neighbouring cells could be avoided by allocating D2D discovery resources orthogonal to cellular resources. Since neighbouring cells are frame synchronised in case of synchronous cell deployment, one efficient way to allocate orthogonal resources between cellular and D2D is to align the D2D discovery resource in neighbouring cells to overlap each other, i.e.  
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 in Figure 1.  
Observation 1: In case of synchronous cell deployment, overlapping of discovery resources among neighbouring cells is beneficial for overcoming co-channel interference between D2D and cellular. 
Proposal 1: In case of synchronous cell deployment, consider overlapping of discovery resources among neighbouring cells. 

One exemplary scenario where neighbour cells discovery resources are overlapping is shown in Figure 3. It is assumed that UL subframe index 2,3,4, 7,8,9 in a particular radio frame is assigned for D2D discovery in both cell ‘i’ and  ‘k’. In this particular example, UEk2 and UEi1 transmit discovery signals in subframe index 2,3 and 9 whereas subframe index 4, 7, and 8 are used by UEk1 and UEi2 for discovery signal transmission.  

  [image: image14.emf]
Figure 3: Possible issue with overlapping discovery resources between neighbour cells.
In subframe index 4, UEi1 is listening (reception mode) to discover UEk1 and UEi2. If UEk1 and UEi2 use the same time-frequency resources, UEi1 may not be able to discovery either UEk1 or UEi2 due to collision. On the other hand, UEk1 and UEi2 may use different frequency resources within the same subframe for discovery signal transmission avoiding resource collision. However, there could be a significant difference in received power levels at UEi1 if  both UEk1 and UEi2 use the same transmit power and UEk1  is located much closer to UEi1  compared to UEi2 . For example consider a worst case scenario, shown in Figure 4, where UEi1 and UEi2 are located on opposite comers of the same cell separated by a distance 
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 and where UEi1 and UEk1 are located close to each other separated by, say 10 m.
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Figure 4: Worst-case UE arrangement in case of joint intra-cell and inter-cell discovery.
Based on path loss models adopted for D2D study[2],  the received signal powers from  UEk1 and UEi2  at UEi1 can be different by about 60 dB and 80dB for ISD values of 500m and 1732m, respectively (see Pathloss values in Figure 5). If such a large difference in received power levels needs to be handled, it would increase UE implementation complexity especially with respect to the design of AGC and ADC. In addition, in-band emission of nearby UEk1 could interfere with the weak received signal from a distant UEi2 making detection of UEi2 difficult if not impossible although UEi2 and UEk1 use orthogonal PRBs in the same time frame(i.e. subframe or group of subframes).  Therefore issues arising due to received power imbalance, namely increased complexity in the design of AGC and ADC and in-band emission,  can be minimised by separating near and far UEs in time, i.e. time domain grouping of nearby D2D UEs,  
Observation 2a: In case of synchronous cell deployment, time domain grouping of nearby D2D UEs is beneficial to reduce the received power imbalance among UEs within a given time frame (i.e.subframe or a group of subframes). 
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Figure 5: Pathloss with LOS WINNER+ B1 model with parameters according to [2].
2.2 Intra-frequency inter-cell discovery in asynchronous cell deployment

In case of asynchronous cell deployment, additional time-frequency synchronisation phase may be required to acquire discovery signals from a neighbour cell. For example, consider a scenario depicted in  Figure 6 where UEi1 synchronised to the DL reception timing of cell ‘i’ will have to synchronise to the DL reception  timing of cell ‘k’ before being able to discover UEs in that cell. Given that time required to acquire timing synchronisation of a new cell is 
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, a necessary condition for uninterrupted discovery of  UEs in both cell ‘i’ and ‘k’ is 
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, i.e discovery resources in cell ‘i’ and cell ‘k’ separated by at least 
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Figure 6: Inter-cell discovery in case of asynchronous cell deployment.
Deployment of non-overlapping D2D discovery resources can lead to asynchronous co-channel interference between cellular and D2D UEs which in practice is more difficult to cancel compared to synchronous (time-aligned) interference. For example, consider Figure 7 where D2D UEs, UEi1, UEi2 and UEi3 at the edge of cell ‘i’ participating in discovery, could potentially interfere with the UL of cellular UEs, UEk1, UEk2 and UEk3. If UEi1, UEi2 and UEi3 are allowed to pick any D2D resource block consisting of x PRB and y subframes (where x and y are FFS) within the discovery region of cell ‘i’, it would increase the discoverability of these UEs by each other because of the bigger resource pool available for discovery. However, this would also increase the asynchronous co-channel interference region for cellular UEs in the neighbouring cell ‘k’. By grouping D2D UEs that are not far from each other to a subinterval (in time) of D2D resource blocks within the discovery interval of cell ‘i’, it is possible to reduce the asynchronous co-channel interference region for cellular UEs in the neighbouring cell ‘k’ and vice-versa. Moreover, as discussed in the previous section, grouping of nearby D2D UEs is also beneficial to reduce the received power imbalance among UEs within a given time frame (i.e. subframe or group of subframes).  
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Figure 7: co-channel inter-cell interference on cellular UL.
Observation 2b: In case of asynchronous inter-cell discovery, time domain grouping of nearby D2D UEs that are not far from each other to a subinterval within the discovery region of cell ‘i’ beneficial to reduces the asynchronous co-channel interference region for cellular UEs in the neighbouring cell ‘k’ and vice-versa.
2.3 Inter-frequency inter-cell discovery in asynchronous cell deployment

In inter-frequency case, cell carrier frequencies are different, i.e. 
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 in Figure 1. Any D2D UE participating in inter-cell discovery on a carrier different to the carrier of the serving cell is required to first tune its RF circuitry to that carrier. The time required to tune the RF circuitry to a new carrier is denoted by 
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 in Figure 8.  Given that time required to acquire time-frequency synchronisation of a new cell is 
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, a necessary condition for uninterrupted discovery of  UEs in both cell ‘i’ and ‘k’ is 
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, i.e discovery resources in cell ‘i’ and cell ‘k’ separated by at least 
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Figure 8: inter-frequency inter-cell discovery.
Since inter-frequency inter-cell discovery requires tuning away from the carrier frequency of the serving cell, additional constraints may limit the ability of both RRC_IDLE and RRC_CONNECTED UEs in participating in inter-frequency inter-cell discovery. 

Both RRC_IDLE state and RRC_CONNECTED state UEs may follow a DRX cycle, as shown in Figure 9, where a UE wakes up periodically from sleep to listen to DL paging occasions and to perform mandatory measurements on the serving cell RSRP and RSRQ levels. During UE active period, UE may perform intra-frequency and inter-frequency measurements on neighbour cells. Although there are predefined set of possible DRX cycle periods, UEs in a cell may wake up at different times coinciding with their paging occasions.  
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Figure 9: DRX operation.
Depending on the discovery period and discovery interval used by the neighbour cell, neighbour cell discovery resources may occur in-between a DRX cycle (a), OR overlap with the paging occasion  and mandatory serving cell measurements (b). Simultaneous operation of   monitoring DL for paging from the serving cell and inter cell discovery on a different carrier, as in the case (b), may not be possible generally.
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Figure 10: Neighbour cell discovery resources overlapping with the paging occasion and monitoring of serving cell quality.
If the intention of inter-frequency inter-cell discovery is to discover UEs that are in close proximity, it may be beneficial to have UEs that are in close proximity to each other in the neighbour cell, in a subinterval within the discovery interval of the neighbour cell. Such arrangement could help to discover neighbouring UEs in an energy efficient manner while minimizing the impact due to overlapping of neighbour cell’s discovery resources with the paging occasion for serving cell. 
Observation 2c: In case of inter-frequency inter-cell discovery, time domain grouping of nearby D2D UEs that are not far from each other to a subinterval within the discovery region of cell ‘i’, allows for efficient discovery of neighbouring UEs in the neighbouring cell while  minimizing the impact due to overlapping of neighbour cell’s discovery resources with the paging occasion for serving cell.

Proposal 2: Consider time domain grouping of nearby D2D UEs that are not far from each other to a subinterval within the discovery interval of serving cell. The size of most appropriate subinterval is FFS.
3 Conclusion

This contribution focused on resource allocation for inter-cell discovery and following observations and proposal are made.
Observation 1: In case of synchronous cell deployment, overlapping of discovery resources among neighbouring cells is beneficial for overcoming co-channel interference between D2D and cellular. 
Proposal 1: In case of synchronous cell deployment, consider overlapping of discovery resources among neighbouring cells. 

Observation 2a: In case of synchronous cell deployment, time domain grouping of nearby D2D UEs is beneficial to reduce the received power imbalance among UEs within a given time frame (i.e. subframe or group of subframes). 

Observation 2b: In case of asynchronous inter-cell discovery, time domain grouping of nearby D2D UEs that are not far from each other to a subinterval within the discovery region of cell ‘i’ beneficial to reduces the asynchronous co-channel interference region for cellular UEs in the neighbouring cell ‘k’ and vice-versa.
Observation 2c: In case of inter-frequency inter-cell discovery, time domain grouping of nearby D2D UEs that are not far from each other to a subinterval within the discovery region of cell ‘i’, allows for efficient discovery of neighbouring UEs in the neighbouring cell while  minimizing the impact due to overlapping of neighbour cell’s discovery resources with the paging occasion for serving cell.
Proposal 2: Consider time domain grouping of nearby D2D UEs that are not far from each other to a subinterval within the discovery region of serving cell. The size of most appropriate subinterval is FFS.
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