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1 Introduction

At the RAN1 #76 meeting, the following agreement was made regarding resource allocation scheme for type 1 discovery [1]:

· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource

· When in-coverage, discovery period and amount of discovery resource(s) are configured by eNodeB

· Other schemes can be considered later

In addition, the following working assumptions were made for type 1 discovery [1]:
· Further to the baseline agreed above, the following FFS options can be further studied (including number of discovered devices and latency) for a UE’s transmission on a discovery resource (or on a set of resources if repetition is supported):

· Option 1: based on Tx UE transmission period and offset

· Option 2: based on a fixed or adaptive transmission probability derived from a preconfigured/configured nominal transmission probability

· Others

At the RAN1 #78 meeting, a way forward on the support of probabilistic transmission [2] was briefly discussed without reaching a conclusion due to lack of time.
In this contribution, assuming the agreed baseline mechanism of random discovery resource selection from the Type 1 discovery resource pool, we present our views on the need for specifying appropriate interference control mechanisms for Type 1 discovery in Rel-12.
2 Interference control mechanisms for Type 1 discovery
For a contention-based approach as agreed for Type 1 discovery procedure, for efficient operation at the system-level, it is important that either the size of the discovery resource pool is appropriately configured considering the overall loading of the system or the loading of the system is controlled appropriately via application of distributed probabilistic transmissions or backing-off mechanisms. 

Clearly, if the loading of the Type 1 discovery resource pool is high, the size of the resource pool can be increased to cope with the loading condition to minimize collisions. However, this implies a direct impact on WAN performance. Additionally, it should be noted that, following the RAN Plenary decision to not support any standardized inter-cell coordination, it would be beneficial for eNBs to coordinate resource pool allocations on a long-term basis (that may be facilitated by the OAM). Thus, in terms of proactive or reactive resource management, it may not be beneficial to change the resource pool size in response to changes in the demands or loading in specific cells or groups of few cells by eNBs in a distributed manner as this can lead to undesirable inter-cell interference between D2D discovery and WAN transmissions. 

This calls for distributed interference control mechanisms that can manage the effective loading of the Type 1 discovery resource pool and can also be configured in a distributed manner by serving eNBs without causing undesirable interference to neighboring cells’ WAN operations. Two such mechanisms were identified and agreed as working assumption for further study as quoted in Section 1. 

It should be noted that while a coordination of the configuration of these interference control mechanisms is necessary to realize the maximal benefits, compared to the option of only relying on Type 1 resource pool size reconfiguration to match the loading condition, these mechanisms offer the option of graceful degradation from the optimal configuration without causing additional impact to WAN operations due to lack of standardized inter-cell coordination. 

From another perspective, even for network deployments with tight coordination amongst neighboring eNodeBs, the availability of interference control mechanisms provides the network operator with the important flexibility of easy dimensioning of the discovery resource pools depending on the loading of the D2D discovery and WAN resources. For instance, in some cases it may be beneficial to minimize the overall impact on WAN scheduling by configuring smaller (in time) discovery resource pools and configure simple interference control mechanisms than configuring long discovery resource pools spanning multiple radio frames that may substantially complicate the eNodeB scheduling in order to minimize impact to WAN performance.

Additionally, according to the agreement at the RAN1 #77 meeting [3], a fixed base sequence and cyclic shift value are specified to generate the DM-RS signal:

For D2D discovery, the scrambling of D2D discovery messages, the DMRS base sequence and the DMRS CS are fixed in the specifications: 510 for message scrambling and DMRS base sequence, CS = 0, Delta_Shift = 0, sequence hopping disabled.
This is mainly used to simply the design and reduce the complexity at the receiver, e.g., without the need for DM-RS blind detection. However, when multiple ProSe-enabled devices transmit the discovery packet in the same discovery resource, considerable performance degradation can be expected due to inaccurate channel estimation with collided DM-RS signals at the receiver.
Observation 1
· Distributed interference control mechanisms are necessary to enable efficient Type 1 discovery and to provide sufficient flexibility at the network side for resource pool dimensioning considering impact to WAN scheduling.
3 Link-level simulation results

To better understand the impact of DM-RS collisions in the interference-limited scenario, we present the link-level performance comparision between noise- and interference-limited scenarios in this section. 

The link-level simulation assumptions are outlined in the Appendix of this contribution. In the simulations, a payload size of 232 bits (totally 256 bits with 24 CRC bits) was assumed. In addition, timing and frequency offset were fixed for the target UE, i.e., ∆t = 3.0µs and ∆f = 400Hz; and uniformly distributed within [0, 3.0]µs and [-400, 400]Hz for the interference UE, respectively. Further, a fixed 30dB SNR was assumed for co-channel interference case. At the receiver, phase differentiation within each DM-RS symbol in the frequency domain is employed for timing offset estimation, and phase differentiation among 2 DM-RS symbols is conducted for frequency offset estimation.
Figure 1 illustrates the link-level discovery performance for normal CP and 2 PRB discovery resource with and without repeated transmission, respectively. As expected, substantial performance degradation can be observed under the co-channel interference scenarios, i.e., ~3.8dB and ~2.6dB performance loss compared to the noise-limited scenario, respectively. 
[image: image1.emf]7 8 9 10 11 12 13 14 15

10

-3

10

-2

10

-1

 SINR (in dB)

 BLER

 D2D discovery: w/o repeated transmission

 

 

w/o cochannel interference

w/ cochannel interference

2 3 4 5 6 7 8 9

10

-3

10

-2

10

-1

 SINR (in dB)

 BLER

 D2D discovery: w/ repeated transmission (IR)

 

 

w/o cochannel interference: RV = [0 1]

w/o cochannel interference: RV = [0 2]

w/ cochannel interference: RV = [0 1]

w/ cochannel interference: RV = [0 2]


Figure 1. D2D discovery performance with 2 PRBs and normal CP
Considering the SNR value of 30dB and required SINR of about 7dB even for repeated transmissions, it can be seen that a receiving UE would not be able to reliably decode a discovery packet if there is another UE’s transmission causing the SIR to be less than 7dB. Thus, the overall discovery performance would be limited to the discovery of the nearby UEs, thereby limiting the application of LTE-based direct discovery in comparison to competing technologies. Application of interference control mechanisms is thus essential in ensuring superior performance both in terms of number of discovered UEs and discovery range.
Observation 2 
· Substantial link-level discovery performance degradation is observed under co-channel interference scenarios.
4 Options for interference control 

Based on the discussions and working assumptions so far in the RAN1 WG, we present a short discussion on the options regarding application of distributed interference control mechanisms below:

1. No interference control: In each discovery period each D2D UE transmits discovery signal once with probability 1.
2. UE grouping: Interference control via discovery signal transmission based on Tx UE transmission period and offset (from Option 1 RAN1 #76 [1]). In the current evaluations, 2 groups are considered.
3. Fixed probabilistic transmission: Interference control via discovery signal transmission based on fixed transmission probability derived from a preconfigured/configured nominal transmission probability (from Option 2, RAN1 #76 [1]). In the current evaluations, a nominal transmission probability of 50% is considered.
4. Adaptive probabilistic transmission: Interference control via discovery signal transmission based on adaptive transmission probability derived from a preconfigured/configured nominal transmission probability (from Option 2, RAN1 #76 [1]). From an individual D2D Tx UE’s perspective, a nominal transmission probability of 50% can be considered. 
Regarding the method of adaptation, two mechanisms are evaluated: Additive Increase Additive Decrease (AIAD), and Additive Increase Multiplicative Decrease (AIMD). AIMD is known to out-perform AIAD scheme as a distributed congestion control mechanism when information on the congestion level is available at the transmitting devices [4]. In the absence of any feedback regarding the overall level of interference/loading within the resource pool, the proposed adaptive probabilistic transmission scheme consists of the following adaptation logic: if a device transmitted in the previous discovery period, it decreases its transmission probability by a certain additive or multiplicative factor. On the other hand, if the device did not transmit during the previous discovery period, it increases the transmission probability by an additive factor. 

For this adaptation behavior, both AIMD and AIAD can be easily tuned to provide similar system level performance via setting of the increment and decrement parameters. That is, for any choice of increment-decrement parameters for AIMD without feedback on the loading of the resource pool, there exists a choice of increment-decrement parameters for the AIAD scheme that yields similar system-level performance. Some exemplary results are presented in the following section.

While the performance of adaptive probabilistic transmission scheme may be enhanced further by having the D2D UEs to estimate the loading of the resource pool, such enhancements bring forth significant complexities and specification work that may be more suitable for consideration in a future LTE Release. In our view, a simple scheme that provides significant discovery performance gains and sufficient flexibility to the network for resource pool dimensioning should be considered for Release 12 direct D2D discovery. Finally, it should be noted that the resulting effective transmission probability for each UE in each discovery period is truncated within 0.01 and 0.99.
5 System-level Simulation Results
In this section, we present system-level simulation results following the agreed evaluation methodology to compare the discovery performance in terms of the average number of discovered UEs against time without and with the application of different distributed interference control mechanisms. 

In order to evaluate steady state performance from the perspective of a D2D UE that is trying to discover other UEs, for fixed probabilistic transmission scheme, probabilistic transmission (with 50% probability of transmission) was applied by all D2D Tx UEs from the first discovery period itself; and for adaptive probabilistic scheme, a UE-specific transmission probability that is uniformly distributed between 0.01 and 0.99 was independently chosen for each D2D Tx UE.

Further, for AIAD scheme of adaptive probabilistic transmission, the increment and decrement additive factors were chosen as 0.1 and 0.45 respectively; and for the AIMD scheme, the additive increment and multiplicative decrement factors were chosen as 0.1 and 0.05 respectively. 

Although not presented in this contribution, extensive simulations with different parameter choices were performed that showed a relatively low sensitivity to the exact choice of parameters, thereby indicating that efficient configuration of such parameters can be easily realized in practice. 

We present the above approaches for the following two choices of discovery resource sizes and mappings:

A. Discovery resource size of 4 PRB-pairs [5]: This corresponds to a contiguous repetition of two discovery subframes with 2 PRB-pairs each.

B. Discovery resource size of 2 PRB-pairs and repeated transmission with half-duplex hopping [5]: This corresponds to the first repetition option amongst the FFS options for repeated transmissions as per the working assumption from RAN1 #76. 

Although it is proposed in [5] to adopt discovery resource size option A based on analysis and evaluations, in this contribution, we present results for both options of repeated transmissions within a discovery period for the sake of completeness. 
The discovery procedure was evaluated for the RAN1 WG-agreed within network coverage scenario: General scenario (Option 1) with 500m ISD and one indoor hotzone per macro-cell area considering a 1-tier network (21-cell network with wrap around). User drop methodology and in-band emissions (IBE) were modeled according to latest RAN1 WG agreements. Specifically, IBE was modeled according to the model in TS 36.101 with {W,X,Y,Z}={3,6,3,3}dB.

For simulations, a 10 MHz system bandwidth was assumed. Each discovery period was assumed to span 44 PRBs in frequency and 30 subframes in time. A message size of 232 bits for non-public safety (non-PS) applications with a 24 bit CRC was assumed, yielding a combined packet size of 256 bits. 40 D2D discovery periods were simulated for each simulation drop.
The average number of UEs discovered as a function of time (here, represented in terms of the number of discovery periods) are presented in Figures 2 and 3 corresponding to discovery resource size options A and B. 
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Figure 2. System-level simulation results for Type 1 discovery procedure with discovery resource size option A and each discovery resource pool within a discovery period spanning 30 subframes.
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Figure 3. System-level simulation results for Type 1 discovery procedure with discovery resource size option B and each discovery resource pool within a discovery period spanning 30 subframes.

The results in Figures 2 and 3 clearly demonstrate the benefits from distributed interference control mechanisms when the loading is relatively high on the configured discovery resource pool. Some important observations are listed below:

1) Figure 2 indicates that gains of about 26% over the baseline can be obtained from the adaptive probabilistic transmission scheme, with gains greater than 11% being realized from the 5th discovery period itself. Even higher gains can be observed from the results in Figure 3.
2) All figures indicate that for appropriate choice of increment-decrement parameters, both AIMD and AIAD schemes can provide similar system-level discovery performance in the absence of feedback on the loading condition. This corroborates the claim in Section 4.

3) The initial performance in the first discovery period is the same for both fixed and adaptive probabilistic transmission scheme although UE-specific transmission probabilities are randomly chosen for the latter scheme for evaluation of steady state system performance. This observation can be attributed to the effect of law of large numbers due to the large number of D2D UEs in each cell.

4) It should be noted that the performance evaluations here does not take into account the impact from the limitation on channel estimation at receiver UEs as described in Sections 2 and 3. In reality, the gap between the performance without and with the application of interference control mechanisms can be expected to be even higher than the numbers reported here.   
Based on the presented link- and system-level analyses, we summarize our views in the following observations:

Observation 3
· Distributed interference control mechanisms provide significant gains in terms of number of discovered UEs compared to the baseline operation with no interference control mechanism, especially when the loading on the discovery resource pool is high. 

· The UE-grouping approach provides slightly better latency performance compared to fixed probabilistic transmission scheme but both yield similar mid- to long-term performance in terms of number of devices discovered.

· Adaptive probabilistic transmission is outperformed by UE-grouping in terms of initial latency performance, but yields significantly better mid-to-long-term performance compared to all other schemes.
Consequently, we propose the following:

Proposal 1
· Application of distributed interference control mechanisms like fixed or adaptive probabilistic transmission should be configurable as part of resource allocation configuration for Type 1 discovery.

6 Application of Probabilistic Transmission Scheme
In [6], it was identified that there is a need for receiving D2D UEs to be able to anticipate when an already discovered UE may transmit next. This is useful in establishing the notion of proximity over a period of time that may span multiple discovery periods. 

In theory, for a truly random probabilistic transmission scheme, the receiving UE may not be able to determine whether an already discovered UE refrained from transmission in subsequent discovery periods due to application of probabilistic transmission or if the UE is no more in the receiving UE’s proximity. Note that this effect adds on to the already-present uncertainty due to decoding failures (due to resource collisions or changes in fast fading or shadowing conditions) or due to the half-duplex constraint. 

However, in practice, the application of probabilistic transmission can be designed such that the transmitting D2D UE generates a pseudo-random number (between 0 and 1) and compares it to the network-configured transmission probability to determine whether to transmit in a particular discovery period or not. The pseudo-random binary sequence (PRBS) generation specified in [7] can be reused for this purpose. 
The generation of the pseudo-random number or the initialization of the PRBS used can be a function of the discovery message itself or some identity of the transmitting D2D UE and the SFN and subframe number for the first subframe of the resource pool. The Tx UE-specific information would be available at the receiving D2D UEs once a Tx D2D UE is discovered, and consequently, the receiving D2D UEs can determine the transmission/silencing pseudo-random pattern for this Tx D2D UE across discovery periods, thereby avoiding any additional uncertainty arising from probabilistic transmissions in each discovery period.
Observation 4

· The application of probabilistic transmission can be designed such that the decision to transmit or not is a function of the discovery message itself or an identity of the Tx D2D UE. This information would be available at the Rx D2D UEs upon the initial discovery of the Tx D2D UE. 
· Such a design can avoid any additional uncertainty about the transmission pattern of the discovery Tx D2D UE across discovery periods that may otherwise arise from the application of probabilistic transmission schemes.
7 Conclusions

In this contribution, we presented our views on consideration of distributed interference control mechanisms for Type 1 discovery in addition to the baseline operation as was identified FFS during the RAN1 #76 meeting. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation 1
· Distributed interference control mechanisms are necessary to enable efficient Type 1 discovery and to provide sufficient flexibility at the network side for resource pool dimensioning considering impact to WAN scheduling.
Observation 2 
· Substantial link-level discovery performance degradation is observed under co-channel interference scenarios.
Observation 3

· Distributed interference control mechanisms provide significant gains in terms of number of discovered UEs compared to the baseline operation with no interference control mechanism. 

· The UE-grouping approach provides slightly better latency performance compared to fixed probabilistic transmission scheme but both yield similar mid- to long-term performance in terms of number of devices discovered.

· Adaptive probabilistic transmission is outperformed by UE-grouping in terms of initial latency performance, but yields significantly better mid-to-long-term performance compared to all other schemes.
Observation 4

· The application of probabilistic transmission can be designed such that the decision to transmit or not is a function of the discovery message itself or an identity of the Tx D2D UE. This information would be available at the Rx D2D UEs upon the initial discovery of the Tx D2D UE. 

· Such a design can avoid any additional uncertainty about the transmission pattern of the discovery Tx D2D UE across discovery periods that may otherwise arise from the application of probabilistic transmission schemes.
Proposal 1 
· Application of distributed interference control mechanisms like fixed or adaptive probabilistic transmission should be configurable as part of resource allocation configuration for Type 1 discovery.
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Appendix: Link-level simulation assumptions
	Parameter
	Value

	Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	MIMO Configuration
	1x2 with low correlation

	Channel Model 
	UMi NLOS/LOS/O2I with dual mobility

	UE Moving Speed
	{3,3}km/h

	Coding
	Turbo coding

	Payload Size
	232 bits

	CRC
	24 bits

	Target BLER
	1%
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