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1
Introduction

This contribution discusses about the conditions for D2DSS transmission. The following agreements were achieved during the previous RAN1 meetings:

RAN1 #77 [1]:

Agreements:
· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured

· FFS: If all discovery UEs transmit D2DSS

RAN1 #76bis [2]:

Agreement:

· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 

· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm

· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source

· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

· For in-coverage

· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB

· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 

· FFS whether any special UE reporting is needed to assist the eNB

· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted

· Consider interference impact to cellular in such cases. 

· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS
· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

Based on the remaining FFS items, we address the following questions in this contribution:

1. For in-coverage discovery and/or communication, which UEs transmit D2DSS?
2. For out-of-coverage, what RSRP threshold X should be considered for D2DSS transmission?

In Section 2, we provide our view on the conditions for D2DSS transmission in coverage. Section 3 will discuss the out-of-coverage scenario. In Section 4, we discuss the D2DD transmission configuration, and we will conclude the contribution in Section 5.

2 
In-coverage D2DSS transmission
We have already studied the problem of D2DSS transmission by discovery UEs in [3] (please refer to Appendix for the details). While for Type 2B discovery it is already agreed that eNB instructs a UE to transmit D2DSS, we make the following proposal for Type 1 discovery UEs,
Proposal 1: For Type 1 discovery, UEs that have an RSRP value less than a threshold transmit D2DSS to enable inter-cell discovery. The threshold itself can be configured by eNodeBs using SIB.
We note that for in-coverage communication UEs, it is already agreed that eNB can configure which UEs to transmit D2DSS. We further propose that a threshold-based condition, like the one in Proposal 1 for discovery UEs, to be adopted by the in-coverage communication UEs as well. The RSRP threshold is configured by SIB signaling, and all the UEs (RRC_IDLE and RRC_CONNECTED) should be able to evaluate this condition and transmit D2DSS.

Proposal 2: For Mode 1 communication, eNodeB can configure a UE to transmit D2DSS

Proposal 3: For in coverage Mode 2 communication, a SIB configured RSRP threshold is used for configuring D2DSS transmissions.

3
Out-of-coverage D2DSS transmission 
RAN1 #76bis specified a condition for D2DSS transmission in out-of-coverage:

· A [out-of-coverage] UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm, 
where the value of X is pre-configured, but yet to be decided. 

We have studied the effect of different RSRP thresholds X on the synchronization performance in an earlier contribution [4]. In what follows, we reiterate the main observations along with the simulation results from that earlier study.
We note two different schemes, hierarchical and flat, can be considered for synchronization in the out-of-coverage case:

· Hierarchical scheme: where the timing of an ISS is extended over multiple hops up to a maximum number.

· Flat scheme: where all the neighboring UEs try to agree on the same timing reference. There is no notion of stratum level (except at the very beginning when a UE does not detect any sync source and starts its own synchronization).  

For the hierarchical scheme, we consider a  4-hop algorithm, based on a protocol that prioritizes (i) stratum level, and (ii) age of the timing references. The evaluated flat scheme is based on a protocol that prioritizes age of the timing references. The effect of different RSRP thresholds on the network topology and using these two schemes are investigated and provided below. 
Tables 3-1 and 3-2 compare the implied topology of the two schemes, on respectively a uniform and an indoor/outdoor drop, and for various RSRP thresholds X. One can see there can be a large number of timings for a hierarchical schemes compared to a flat scheme. 

Table 3-1 Uniform drop results summary, hierarchical vs flat scheme

	Drop
	Option 5 (Uniform)

	Scheme
	Hierarchical
	Flat

	RSRP threshold X (dBm)
	infty
	-50
	-70
	-90
	infty
	-50
	-70
	-90

	Number of timings
	15
	13
	17
	17
	1
	1
	1
	1

	Neighborhood coverage
	62%
	65%
	62%
	63%
	100%
	100%
	100%
	100%

	Async timings within 1-hop
	up to 5
	up to 5
	up to 6
	up to 6
	0
	0
	0
	0

	Async timings within 2-hop
	up to 10
	up to 10
	up to 11
	up to 11
	0
	0
	0
	0


Table 3-2 Indoor/outdoor drop results summary, hierarchical vs flat scheme

	Drop
	Option 5 (In-Out)

	Scheme
	Hierarchical
	Flat

	RSRP threshold X (dBm)
	infty
	-50
	-70
	-90
	infty
	-50
	-70
	-90

	Number of timings
	151
	152
	163
	188
	30
	41
	49
	90

	Neighborhood coverage
	Indoor
	91%
	91%
	90%
	90%
	100%
	99%
	99%
	96%

	
	Outdoor
	43%
	44%
	43%
	39%
	100%
	100%
	100%
	98%

	Async timings within 1-hop
	up to 8
	up to 8
	up to 9
	up to 10
	0
	up to 1
	up to 1
	up to 2

	Async timings within 2-hop
	up to 26
	up to 26
	up to 26
	up to 30
	0
	up to 1
	up to 2
	up to 6


We observe applying various RSRP thresholds X slightly changes the topological parameters implied by the synchronization schemes. However, small RSRP thresholds can degrade the synchronization performance by reducing the number of UEs participating in D2DSS/PD2DSCH transmissions. More specifically, a small RSRP threshold will lead to a larger number of asynchronous timings in the system and within UEs’ neighborhoods. This can increase the receiver’s complexity and asynchronous interference of neighboring clusters. Another issue with small RSRP thresholds is the chance of “non-detectability”. That is a timing reference may not be detectable, if the UE(s) at the edge of this cluster does not forward its timing. 

Observation 1: while the network topology of both flat and hierarchical schemes remains almost the same for various RSRP thresholds X, applying small RSRP thresholds can result in performance degradation due to larger number of asynchronous timings in the system, and the chance of non-detectability. These negative effects are less severe for the flat scheme. 
Based on this observation, we propose to adopt X = infinity as the RSRP threshold, i.e., all the UEs are allowed to transmit D2DSS in out-of-coverage. This will resolve the identified issues of having X < infinity, and simplify the standardization effort in specifying the D2DSS RSRP measurement and evaluation process. 

Proposal 4: For out-of-coverage, all the UEs are allowed to transmit D2DSS, i.e., X = infinity is configured as the RSRP threshold.
4 
D2DSS Transmission Configuration 

During RAN1 #77, it was agreed that

· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery.

RAN1 #78 further discussed this agreement and clarified that 

· RAN1 understands “D2DSS transmission configuration” in this agreement to include at least the D2DSS sequences. 

However, alternative options on whether the D2DSS resource periodicity and transmission periodicity are the same between D2D discovery and D2D communication were presented in RAN1 #78 and the decision is yet to be made with regards to the meaning of transmission configuration.

Here, we briefly discuss the other D2DSS transmission parameters:

1. Resource Periodicity: as per existing agreements on resource periodicity, the values could be very different for communication and discovery resource periods. Having a common periodicity for D2DSS for these two purposes would put un-necessary restrictions on resource pool configuration (for example discovery configuration is a multiple of communication configuration). 

2. Transmission Periodicity (from a given UE): as per existing agreements on resource periodicity, how often a UE would transmit discovery or communication could be very different (order of magnitude).  So, a common periodicity would either degrade performance for communication, or increase power consumption for discovery.

3. Transmission Power: currently, separate transmission power parameters are agreed for discovery and communication. So, a common power configuration for D2DSS would imply a potential mismatch between D2DSS and discovery or communication transmit power.
Thus, in our view, making either resource periodicity, transmission periodicity or transmission power configuration the same for discovery and communication puts un-necessary constraints on resource pool configuration with very little benefit while degrading performance. Hence, we propose: 

Proposal 5: D2DSS transmission configuration only includes the D2DSS sequence.

5 
Conclusion

In this contribution, we studied the conditions for D2DSS transmission, and made the following proposals and observation: 
In-coverage:

Proposal 1: For Type 1 discovery, UEs that have an RSRP value less than a threshold transmit D2DSS to enable inter-cell discovery. The threshold itself can be configured by eNodeBs using SIB.
Proposal 2: For Mode 1 communication, eNodeB can configure a UE to transmit D2DSS

Proposal 3: For in coverage Mode 2 communication, a SIB configured RSRP threshold is used for configuring D2DSS transmissions.

Out-of-coverage:

Observation 1: while the network topology of both flat and hierarchical schemes remains almost the same for various RSRP thresholds X, applying small RSRP thresholds can result in performance degradation due to larger number of asynchronous timings in the system, and the chance of non-detectability. These negative effects are less severe for the flat scheme. 
Proposal 4: For out-of-coverage, all the UEs are allowed to transmit D2DSS, i.e., X = infinity is configured as the RSRP threshold.
D2DSS Transmission Configuration
Proposal 5: D2DSS transmission configuration only includes the D2DSS sequence.
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Appendix: UEs Transmitting D2DSS for Type 1 Discovery
For Type 1 discovery there is currently no agreement on which UEs will transmit D2DSS. We studied two options:

Upper bound: UEs with pathloss to eNodeB less than a threshold can transmit D2DSS. In other words UEs that are closer to the eNodeB will transmit D2DSS. This helps with near-far affect at a receiver.

Lower bound: UEs with pathloss to eNodeB greater than a threshold can transmit D2DSS. Here UEs that are at the edge of cell are likely to transmit D2DSS.

We simulated both schemes for Layout Option 1 with different pathloss thresholds. The D2DSS configuration used for forwarding timing is the one described in our companion contribution [5], and no PD2DSCH is transmitted with the D2DSS (as discussed in [6]). The allocation of discovery resources is performed such that neighbouring macros have non overlapping allocation with small gaps while the allocation itself is reused with a reuse factor of 3. This is illustrated in Figures A-1 and A-2 below (please refer to [3] for more details).
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Figure A-1 Non-overlapping allocation among neighboring macros
[image: image2.png]1
| 1
WMastly overlapping

allacation for discavery





Figure A-2 Mostly overlapping allocation leading to reuse
UEs associated with a macro transmit identical D2DSS sequences. Proximal cells that have mostly overlapping allocations will use different D2DSS sequences. For example Macro 1, 1’, and 1’’ will use different D2DSS sequences. Non-proximal cells that have mostly overlapping allocations can use same D2DSS sequences.

We looked at all pairs of UEs that are within 138dB pathloss of each other and calculated the timing error between the UEs. In Figure A-3 below we present the percentage of pairs that have a timing error between 0 and 3us for different values of pathloss thresholds.
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Figure A-3
The results indicate that both the upper and lower bound schemes have similar best case performance. For the upper bound scheme the performance is relatively insensitive to the value of the threshold above 90dB. Above 90dB a sufficient number of UEs are relaying timing to allow for D2DSS detection. For the lower bound scheme the performance is relatively insensitive to the value of the threshold below 100dB. Below 100dB again a sufficient number of UEs are relaying timing to allow for D2DSS detection. 

Given that both schemes have similar performance, between the two schemes we prefer the lower bound scheme because it is likely to have a better performance for low density deployments.

Please note that both these schemes can be easily implemented by eNodeB broadcasting a RSRP threshold (instead of pathloss) using the SIB. UEs measure the RSRP and those that meet the RSRP requirement will transmit D2DSS.
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