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1. Introduction
At the RAN1#77 meeting, the following was agreed regarding the Type 2B discovery hopping pattern,

	· The time-frequency hopping pattern(s) used for type 2B discovery is/are deterministic

· Details to be decided at RAN1#78


Furthermore, at the RAN1#77 meeting, the following working assumption regarding intra-period retransmission was agreed:
	· Repetition (FFS: either contiguous or non-contiguous in time domain) of transmission of a given MAC PDU by a UE within a discovery period is supported

· For Type 1 discovery, UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.

· FFS: Receiver behavior


In this contribution, we discuss and evaluate the time-frequency hopping patterns for Type 2B discovery and the repetition of transmission within a discovery period. Transmission timing of Type 2B discovery is also discussed.
2. Resource Allocation
2.1 Hopping Pattern Between Discovery Periods 
In the email discussion of [77-19] after the RAN1#77 meeting, various hopping patterns were proposed by different companies and summarized in [1]. As shown in [1], our proposed hopping pattern consists on the switching of time/frequency indexing and cell specific time/frequency shifting, i.e., 

· next_nt =mod (nf + nt*Nf + t_shift, Nt)

· next_nf = mod((floor((nf + nt*Nf)/Nt) + f_shift) ,Nf)
where

· Nt: number of discovery subframes per discovery period
· Nf: number of discovery resources per subframe
· (nt, nf): (time, frequency) resource indices (starting from 0) in the current discovery period
· (next_nt, next_nf): (time, frequency) resource indices (starting from 0) in the next discovery period
· t_shift: cyclic subframe shift , f_shift: cyclic frequency resource shift
In addition, the following proposal was agreed on in the email discussion regarding the evaluation of Type 2B hopping patterns.
	· The following criterion shall be considered for the purpose of selecting a hopping pattern for type 2B discovery : 

· For half duplex, the pattern ensures two discovery  resources used by different UEs are at least once not transmitted on the same sub-frame

· The following performance metrics shall be used: 

· Number of UEs discovered as a function of time (system-level metric) 

· Other metrics can be considered additionally, for example, 

· The statistics of the fraction of times any two discovery messages transmitted by different UEs within the same reception pool occur on the same sub-frame 

· WAN performance loss caused by the cellular spectrum fragmentation in a discovery subframe. 


According to the above proposals in the email discussion, in this section we evaluate the number of UEs discovered and the fraction of times any two discovery messages are transmitted by different UEs within the same reception pool. System level simulations are conducted to evaluate the number of UEs discovered. Most of the simulation assumptions used for Type 1 discovery evaluation are reused and evaluated hopping patterns are based on [1]. The detailed simulation parameters can be found in Appendix Table II. 

For the initial eNB scheduling, we assume that each UE is randomly scheduled a resource in the resource pool to transmit a discovery signal. Furthermore, two UEs do not exist in the same cell that are scheduled with the same resources. 
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Figure 1: Number of UEs discovered with different hopping patterns with and without cell specific shifting

In Fig. 1, the number of UEs discovered with different hopping rules with or without cell specific hopping is shown. The number of PRB pairs in each subframe allocated for Type 2B discovery is assumed to be 44. Each discovery resource occupies 2×1 PRB pairs. Therefore, the number of resources in each subframe (Nf) is 22. The number of subframes in a Type 2B discovery resource pool (Nt) is assumed to be 32 or 64. The cell-specific offset is assumed to be in the time domain [2] and is set to be mod(cell ID, Nt). Here, Intel’s hopping pattern is equivalent to the Huawei’s hopping pattern with cell specific subframe offset. We observe that cell-specific resource hopping can efficiently improve the discovery performance. Therefore, we propose the following.
Proposal 1: The Type 2B discovery resource hopping rule should be cell-specific
In Fig. 1, when cell-specific hopping is used, although our proposed hopping pattern achieves slightly better performance than the others, especially when the number of subframes is relatively small, i.e., 32. In Fig. 2, we further compare the maximum and average fraction of times that any two discovery messages from different UEs are transmitted in the same subframe. In this simulation, a single cell is considered, and the number of UEs in the cell is set to be equal to the number of resources in the discovery resource pool of a period, i.e., each UE occupies a different resource in a pool and every resource in the pool is occupied by a UE. The number of resources in each subframe (Nf) is set to 22 and the number of subframes in the resource pool (Nt) varies from 8 to 64. The cell ID is assumed to be 0, i.e., no time or frequency domain shift is applied. We simulate 1000 periods to collect the statistics of the fraction of time that two UEs transmit using resources in the same subframe.
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Figure 2: Maximum and average fraction of times that two discovery messages transmitted by different UEs within the same reception pool occur in the same subframe
In Fig. 2, we observe that for Huawei’s hopping pattern, the maximum fraction of times is 1 when Nt ≤ Nf/2 = 11; for Qualcomm’s hopping pattern, the maximum fraction of times is 1 when Nt = Nf/2=11; for both Ericsson’s and ASUSTeK’s hopping patterns, the maximum fraction of times is 1 when Nt < Nf = 22; for both DOCOMO and ZTE’s hopping patterns where T-F switching is applied, the maximum fraction of times is below 1 for all the Nt values. If the maximum fraction of times of two discovery messages in the same subframe is equal to one, at least two UEs always transmit discovery messages in the same subframe. Therefore, except for DOCOMO and ZTE’s hopping patterns, there exists an (Nt, Nf) configuration such that the half-duplex constraint cannot be fully resolved by the hopping pattern between discovery periods. Therefore, we propose the following:

Proposal 2: The Type 2B discovery resource hopping rule should be T-F switching
We further tested the impact of possible time domain or frequency domain offset on the maximum fraction of times for DOCOMO’s pattern. All the (Nt, Nf) configurations when 8 ≤ Nf ≤ 22 and 8 ≤ Nt ≤ 2×Nf+1 are tested. All the possible time domain offsets from 0 to Nt-1 and frequency domain offsets from 0 to Nf-1 are tested. Among the tested parameters, there is no (Nt, Nf) configuration with time domain offset such that the maximum fraction of times that two UEs transmit in the same subframe is one. However, there are some (Nt, Nf) configurations with a frequency domain offset such that the maximum fraction of times that two UEs transmit in the same subframe is equal to one. Therefore, we propose the following:

Proposal 3: Cell specific time domain cyclic shift should be used for the Type 2B resource hopping rule.

2.2 Repetition Within a Discovery Period

The purpose of repetition of transmission within a discovery period is mainly to enhance the potential coverage of D2D signal transmission. Reception of multiple retransmissions in a period can be combined to improve the received signal quality. Time domain hopping was also proposed for intra-period retransmission aiming to solve the half-duplex problem and mitigate in-band emission. 
However, repetition transmission in a discovery period may not always improve the discovery performance, since repetition of transmission increases interference, especially when the discovery resource in a discovery period is limited. In addition, intra-period resource hopping in the time domain would decrease the combining gain of repetition transmissions. If time domain hopping is used in intra-period retransmission, different groups of UEs would transmit in the same subframe at different repetition times. A UE may receive fewer retransmissions than the maximum repetition times due to half-duplexing, and the combining gain would be degraded. One possible enhancement in the retransmission is to obtain a time diversity gain by partitioning a resource pool into sub-periods equal to the number of transmissions.
In Fig. 3 the number of UEs discovered when the number of transmissions in a discovery period is set to 1 and 2 are shown. Furthermore, repetition transmission with or without time domain hopping is simulated. Consecutive resources are allocated to the repetition without time domain hopping. Ericsson’s hopping rule is applied to the time domain hopping for intra-period retransmission. DOCOMO’s hopping rule with time domain shift using the cell ID is used as the inter-period hopping. 
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Figure 3: Number of UEs discovered with different discovery periods and transmission repetition times, with/without intra period time domain hopping
For fair comparison, the total amount of discovery resources in the system is assumed to be 64 subframes per 10 seconds, and the discovery period is taken as 5 seconds or 10 seconds. Although intra-period retransmission improves the long-term discovery performance, the short-term discovery performance is degraded due to increased interference. When discovery resources in a period are limited,i.e., period is 5 seconds, the performance of 1 transmission per period is significantly better than that for 2 transmissions per period. With the retransmissions, UE power consumption will also be increased. Therefore, we propose the following:

Proposal 4: Intra-period repetition should be able to be disabled.

With two transmissions per period, we observe that intra-period time domain hopping, e.g., Ericsson hopping pattern, improves the short term discovery performance due to solving the half-duplex problem and mitigating in-band emission, while it degrades the long-term discovery performance because the combining gain is degraded. Nevertheless, the short-term performance is inferior to that for single transmission. Considering that the main purpose of repetition transmission in a discovery period is to satisfy the targeted range of D2D service, we propose the following:

Proposal 5: Intra-period repetition should not aim to solve the half-duplex problem.
Finally, to reduce the standardization complexity and maintain the consistency of D2D discovery, we propose the following.
Proposal 6: Repetition rule for Type 1 and Type 2B resource allocations should be common
3. Transmission Timing 
At the RAN1#76 meeting, the following working assumption was agreed with respect to transmission timing of Type 2B discovery [3]. (Note that the second bullet point is no longer valid because RAN2 agreed that only a RRC_CONNECTED UE can transmit a Type 2B discovery signal [4])

	Working assumption: For RRC_CONNECTED UEs that transmit Type 2B discovery:

· If RRC_IDLE UEs are not able to transmit Type 2B discovery, the value of T2 is FFS between: 

· T2 = TA for FDD and T2 = 624Ts +TA for TDD.

· T2 = 0 for FDD and T2 = 624Ts for TDD.

· If RRC_IDLE UEs are able to transmit Type 2B discovery, the value of T2 is T2 = 0 for FDD and T2 = 624Ts for TDD.


If DL timing is applied to Type 2B discovery, Type 2B discovery has potentially a higher level of interference on the PUCCH/PUSCH than that for Type 1 discovery because denser resource utilization can be assumed for Type 2B discovery considering efficient eNB resource allocation. On the other hand, the UL timing is considered to have less of an impact on a WAN if the CP length is the same. Therefore, UL timing for Type 2B discovery would be beneficial to avoid severe interference on the PUCCH while maintaining efficient resource allocation. Unlike with the open-loop power control for WAN protection, the UL timing for Type 2B discovery does not shrink the discovery range. Also, it should be clarified whether or not RRC_IDLE UEs, which have no TA value, can receive Type 2B discovery. Configurability between DL timing and UL timing may allow further optimization. Comparison of transmission timing for Type 2B discovery is summarized in Table I.
Table I: Comparison of Transmission Timing for Type 2B Discovery
	
	Pros
	Cons

	DL timing
	RRC_IDLE UE has DL timing

Same transmission timing as Type 1 discovery
	ICI/ISI on PUCCH/PUSCH

	UL timing
	Minimum impact on PUCCH/PUSCH if CP length is the same between D2D discovery and WAN
	RRC_IDLE UE has no TA value to adjust reception timing

	Configurable between DL timing and UL timing
	Impact on PUCCH/PUSCH can be optimized according to the configuration of CP length, resource pool, etc.
	Signaling overhead if explicit signaling is assumed


Observation 1: Type 2B discovery has potentially a higher level of interference on the PUCCH/PUSCH than that for Type 1 discovery because of denser resource utilization.
Observation 2: UL timing for Type 2B discovery has a minimal impact on the PUCCH/PUSCH.
In the following, potential measures for the disadvantages of DL timing and UL timing are discussed further.

DL timing
If DL timing is applied to Type 2B discovery, the eNB may try to avoid serious in-band emission on the PUCCH through resource allocation, e.g., cell edge UE is scheduled around the PUCCH. However, the degree of flexibility in avoiding interference will be limited due to frequency hopping depending on the hopping pattern. Another way is to configure several Tx resource pools according to the potential impact on the PUCCH. For resource pool partitioning, two directions can be considered as shown in Fig. 4: (a) Resource pool partitioning based on the path loss and (b) resource pool partitioning based on the expected resource utilization. However, the degree of flexibility in the resource allocation will be significantly restricted due to the partitioning. In both cases, the PUSCH experiences severe interference due to resource partitioning if the PUSCH and Type 2B discovery are FDMed. Consequently, resource partitioning may degrade the flexibility and efficiency of the resource pool configuration and resource allocation.
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Figure 4: Partitioning of DL timing resource pools for interference mitigation

Observation 3: Resource partitioning for Type 2B discovery can establish a trade-off relationship between the impact on the PUCCH and flexibility of the resource pool configuration.
UL timing

If UL timing is applied to Type 2B discovery, the following alternatives are considered over the issue of reception timing for RRC_IDLE UE.

· Alt. 1: Only CONNECTED UE can receive Type 2B discovery 
· Alt. 2: Separate resource pools for different TA ranges (TDMed)
· Alt. 3: D2DSS based timing adjustment for reception (Similar to inter-cell discovery)
Since reception UEs should not be limited for discovery, i.e., RRC_IDLE UE should receive Type 2B discovery, Alt. 1 should be avoided. Therefore RRC_IDLE UE must obtain a TA value in some manner such as Alt. 2 or Alt. 3. For Alt. 2, the eNB configures multiple Tx resource pools with associated TA range information. Similar to the resource partitioning discussed in the DL timing case, Alt. 2 may introduce some overhead due to imperfect resource partitioning. The required number of resource pools will be significantly large when the cell radius is large. Instead, for Alt. 3, D2DSS can be utilized to adjust the reception timing similar to inter-cell discovery which was agreed at RAN1# 77 [5]. If the D2DSS with UL timing is transmitted in a resource pool for Type 2B discovery, RRC_IDLE can obtain reception timing from the D2DSS. Since multiple UEs may transmit the same D2DSS sequence within a resource pool using different TA values, the receiving UE of RRC_IDLE only detects a combined D2DSS. Therefore, the receiving UE may adjust its reception timing based on dominant/earliest timing obtained from the D2DSS.

Proposal 7: RRC_IDLE UE should be able to receive Type 2B discovery.
Observation 4: Using D2DSS with UL timing, RRC_IDLE UE can receive Type 2B discovery with UL timing.
If RRC_IDLE UEs rely on the D2DSS for Type 2B discovery, the feasibility depends on the availability of the D2DSS. Considering that D2DSS for inter-cell discovery is only necessary for an asynchronous network, transmission of D2DSS for discovery can be configured to conserve overhead. Therefore, transmission timing should be configurable if D2DSS for discovery is configurable. Furthermore, configurability of the transmission timing is beneficial when the CP length is different between a WAN and D2D. The UL timing for D2D does not reduce the interference on a WAN. In that case, the DL timing for Type 2B discovery would be available to reduce the interference between Type 1 discovery and Type 2B discovery. Therefore, configurable transmission timing between UL timing and DL timing is preferable to the UL timing. Ambiguity of the transmission timing in the case of inter-cell discovery should be avoided, e.g., same configuration across cells. Due to the simplicity and commonality with Type 1 discovery, DL timing is also worth consideration. Consequently, we propose down selecting from DL timing and configuring between UL timing and DL timing for Type 2B discovery. 

Observation 5: DL timing is feasible when D2DSS is disabled or the CP length is different between D2D and a WAN.
Proposal 8: For Type 2B discovery, down select the transmission timing from

· DL timing

· Configuring between UL and DL timing
· For UL timing, reception timing can be adjusted using D2DSS
4. Conclusion

In this contribution we discussed and evaluated the hopping patterns of Type 2B discovery. Based on the evaluation, we propose the following:
Proposal 1: The Type 2B discovery resource hopping rule should be cell-specific
Proposal 2: The Type 2B discovery resource hopping rule should be T-F switching
Proposal 3: Cell specific time domain cyclic shift should be used for the Type 2B resource hopping rule.

Furthermore, the repetition of transmission in the Type 2B discovery period is discussed and evaluated. Based on the evaluation, we propose the following:

Proposal 4: Intra-period repetition should be able to be disabled.
Proposal 5: Intra-period repetition should not aim to solve half-duplex problem.
Proposal 6: The repetition rule for Type 1 and Type 2B resource allocations should be common
Regarding the transmission timing of Type 2B discovery, the following were observed and proposed:
Observation 1: Type 2B discovery has potentially a higher level of interference on the PUCCH/PUSCH than that for Type 1 discovery because of denser resource utilization.

Observation 2: UL timing for Type 2B discovery has a minimal impact on the PUCCH/PUSCH.

Observation 3: Resource partitioning for Type 2B discovery can establish a trade-off relationship between the impact on the PUCCH and the flexibility of resource pool configuration.

Observation 4: Using D2DSS with UL timing, RRC_IDLE UE can receive Type 2B discovery with UL timing.

Proposal 7: RRC_IDLE UE should be able to receive Type 2B discovery.

Proposal 8: For Type 2B discovery, down select the transmission timing from

· DL timing

· Configuring between UL and DL timing
· For UL timing, reception timing can be adjusted using D2DSS
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Appendix
Table II: Simulation Assumptions

	Layout
	Hexagonal grid, 3 sectors per site with 7 macro-sites
Urban macro (500 m ISD) – option 1: 1 indoor hotspot per cell

	Carrier freq.
	2 GHz, FDD

	System bandwidth
	10 MHz, UL

	Network operation
	In NW coverage

	Network synchronization
	All eNodeBs synchronized

	UE RF parameters
	Tx power of  23 dBm, 1 Tx/ 2 Rx antenna,  Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs for discovery per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843[2]

	In-band emission
	[W,X,Y,Z] = [3,6,3,3] dB

	Number of discovery RBs on discovery subframe
	44

	Discovery signal size
	2×1 PRB pair
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