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1. Introduction 
In previous meetings, the following working assumptions regarding Type 2 discovery were made [1].
Working assumption: Any UEs that do not have an active timing advance value use T2 = 0 for FDD and T2 = 624Ts for TDD. Such UEs include: 

· RRC_IDLE UEs in-coverage (if transmission of discovery signal is supported for such UEs)
· Out-of-coverage and edge-of-coverage UEs that do not have an active timing advance (TA) value.

Working assumption: For Type 1 discovery: 

· For FDD, RRC_CONNECTED UEs transmit their discovery signal using T2 = 0.
· For TDD, RRC_CONNECTED UEs transmit their discovery signal using T2 = 624Ts.
· FFS possible solutions to address overlap between uplink WAN and discovery signals.

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.
At the RAN1#76 meeting, a working assumption was made regarding open issues of D2D discovery, which includes an impact on cellular traffic [2]. 
In this contribution, some issues related to resource allocation for Type 2B discovery are discussed, including resource pool allocation, time-frequency hopping under half-duplex constraints, transmission timing, and multiplexing among Type 1 resources, Type 2 resources, and WAN resources. Some possible solutions are investigated. The discussion focuses on the general scenario within NW coverage.
2. Resource Allocation for Type 2B Discovery

For type 2B discovery, discovery resources are allocated on a per-UE specific basis. UE specific signals can be used to allocate discovery resources to the transmitting UE; however, the signaling cost and the energy consumption would be much higher if the resource allocation is also delivered to potential receiving UEs using UE specific signals. Furthermore, it may not be practical for the NW to identify receiving UEs in advance in many use cases such as local advertising. On the other hand, the receiving UEs would have to keep monitoring the whole bandwidth all the time for potential discovery signals if they have totally no knowledge on the D2D discovery resource allocation. 
Therefore, it may be more efficient to allocate a resource pool for receiving UEs of type 2B discovery signals in a manner similar to type 1 discovery, the resource pool that the receiving UEs need to monitor, is periodic and assigned in a semi-static manner. Each individual resource allocation for a transmitting UE should be within the resource pool. To avoid interference caused by autonomous resource selection of type 1 UEs, the resource pool can employ FDM/TDM with resources allocated for type 1 discovery. To optimize the resource utilization of type 2B discovery, the size of the resource region should be adjustable according to the number of type 2B discovery transmitting UEs.

It should be noted that a UE receiving a type 2B discovery signal can simultaneously receive a type 1 discovery signal, and vice versa. It is still FFS whether a UE that is allocated resources using a type 2B discovery signal for discovery signal transmission can still transmit a discovery signal within type 1 discovery resources. 
Proposal 1: A resource pool is semi-statically assigned for type 2B discovery receiving UEs
· The size of the region should be adjustable according to the number of type 2B discovery UEs.

· The resource region can be FDM/TDM with resources allocated for type 1 discovery.
For type 2b discovery, the resources are semi-statically allocated for a series of discovery signal transmissions. Resource hopping may be used for type 2B discovery to avoid half duplex problems and to achieve a frequency diversity gain. The following approach is considered.

· NW indicates “initial D2D resources” for each UE in one period.
· A type 2B UE autonomously changes the D2D resources for discovery signal transmission at each subsequent D2D period according to a “pre-defined hopping rule.”

The optimum pre-defined hopping rule can minimize the number of required discovery periods until a certain type 2B UE has a different transmission timing from all other type 2B UEs at least once. Figure 1 illustrates an example of resource hopping. As shown in the figure, a hopping rule is actualized by changing the order from the frequency domain to the time domain in each period. Furthermore, cyclic shifts in the frequency domain can be considered to introduce frequency diversity. After 3 hops, UE A, UE B, and UE C can discover each other. 

Proposal 2: A predetermined hopping pattern should be applied to type 2B discovery such that all the type 2B discovery UEs can discover each other within a minimum length of time while achieving a frequency diversity gain.
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Figure 1 - Resource hopping for type 2B discovery.
3. Multiplexing Among Type 1 Resource Pool, Type 2B Resource Pool, and WAN Resources
When the eNB allocates a resource pool for D2D, multiplexing among Type 1 resources, Type 2B resources, and WAN resources is an important issue. Either TDM or FDM can be used by the eNB to achieve as high a resource utilization as possible. However, since the transmission timings for Type 1 discovery, Type 2B discovery, and cellular traffic are different, how to reduce the interference caused by a timing offset should be taken into consideration in the multiplexing scheme. In this section, we discuss resource multiplexing considering different transmission timings for Type 2B and a possible interference mitigation solution. 
According to the working assumption in RAN1#76, there are two options for the setting of values of T2 for Type 2 discovery.
-
Option 1: T2=TA (or T2=TA+624Ts for TDD);
-
Option 2: T2=0 (or T2= 624Ts for TDD).
where TA is the timing advance value of the transmitting UE (which is the estimation of round trip time between the transmitting UE and the eNB).
· T2 = TA
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Figure 2 - Transmission timing with T2 = TA.
Figure 2(a) illustrates an example when a type 2 D2D discovery signal is transmitted with T2 = TA. UE 1 and UE 3 are transmitters of a Type 2 discovery signal and UE 2 is a potential D2D receiver. If UE 2 is near UE 1 and UE 3 is near the eNB, the discovery signals from UE 1 and UE 3 arrive at the receiver of UE 2 with a potential arriving timing difference as large as the timing advance value of UE 1. However, all the discovery signals and WAN UL signals arrive at the eNB receiver simultaneously. There is no interference caused by timing misalignment at the eNB (as shown in Fig. 1(b)). 
Since Type 1 discovery uses T2 = 0 for the transmission timing offset, in order to avoid potential interference among Type 1 discovery signals with T2 = 0 and Type 2 discovery signals with T2 = TA, Type 1 and Type 2 resources can be multiplexed using TDM. Figure 3 shows two possible multiplexing scenarios among Type 1 resources, Type 2 resources, and WAN resources.

[image: image4]                                     
[image: image5]
 (a) With PUCCH in D2D subframe
             (b) Without PUCCH in subframes for Type 1 discovery

Figure 3 - Multiplexing Type 2 resources with Type 1 resources using TDM.
In Fig. 3(a), some RBs in D2D subframes are reserved for the PUCCH, while in Fig. 3(b), there is no PUCCH transmission in the D2D subframes. To mitigate the intra-subframe interference from Type 1 transmission to PUCCH transmission, an easy and direct way is to reserve some RBs for protection between Type 1 resources and the PUCCH in Fig, 3(a); however, this will decrease the spectral efficiency. Another possible solution is to apply power control to the Type 1 discovery signal, e.g., Type 1 transmissions on resources adjacent to WAN resources should use a lower power. However, the coverage range of these discovery signals may decrease.
· T2 = 0
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Figure 4 - Transmission timing with T2 = 0.
Figure 4(a) shows an example when a type 2 D2D discovery signal is transmitted with T2 = 0, or a fixed value that is the same as that for a type 1 discovery UE. UE 2 and UE 3 are assumed to be located close to the eNB, and UE 2 receives discovery signals from UE 1 and UE 3. The difference in the arriving time at the UE 2 receiver between the signals from UE 1 and UE 3 would be the TA. Furthermore, the D2D signals and cellular signals will not be aligned in time at the eNB receiver, that is to say, the timing offset of the D2D signals will cause interference to the WAN traffic. However, since type 1 and type 2 UEs use the same transmission timing, they can share the same design for protection from ISI and ICI. Furthermore, Type 1 and Type 2 discovery resources can be multiplexed using FDM, which can simplify the receiving procedure for RRC_IDLE UEs who have only a DL timing reference. Figure 5 shows two possible multiplexing scenarios among Type 1 resources, Type 2 resources, and WAN resources.
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     (a) With PUCCH in D2D subframe
              (b) Without PUCCH in subframes for Type 1 discovery
Figure 5 - Multiplexing Type 2 resources with Type 1 resources using FDM.
In Fig. 5(a), some RBs in D2D subframes are reserved for the PUCCH, while in Fig. 5(b), there is no PUCCH transmission in the D2D subframes. Similar to Fig. 3(a), some RBs for protection may be reserved between D2D resources and the PUCCH in Fig. 5(a).  Applying power control to the D2D transmission may also be considered to reduce the D2D interference to the PUCCH.
Table I. Advantages and Disadvantages of T2 = TA and T2 = 0 for Type 2B Discovery
	
	Pros
	Cons

	T2 = TA
	· This is preferable from the eNodeB perspective. D2D signals arrive at the eNB receiver aligned with cellular signals, i.e., there is no interference to WAN traffic.
· Type 2 resources can be multiplexed with WAN by FDM.
	· RRC_IDLE UEs have no TA of transmitter and they will miss receiving some discovery signals if they do not set a reception offset.
· Arriving time difference of D2D signals will be increased when Type 1 resource and Type 2 resources are multiplexed by FDM.

	T2=0
	· Type 2 discovery UEs retain commonality with Type 1 discovery UEs. They both use a DL timing reference for transmission and reception. 
· Type 2 resources can be multiplexed with Type 1 resource by FDM.
	· Guard band or power control approach may be required to reduce the intra-subframe interference to WAN (PUCCH).


Table I compares the transmission timing offset of T2 = TA and T2 = 0 for Type 2B discovery. From the above analysis, we can see different transmission timing offsets used in a resource multiplexing scenario can have different benefits. Hence, we propose the following to enable flexible multiplexing with reduced interference.
Proposal 3: The transmission timing of type 2B discovery UE is configurable by eNB (e.g. together with eNB resource allocation or via SIB, and e.g. by considering the real implementation of multiplexing between D2D resources and WAN resources.
Proposal 4: Interference from D2D signals to WAN UL transmission should be investigated and mitigated by considering option 1, power control of D2D transmission, and option 2, allocating D2D resources at least K PRBs (in frequency domain) away from WAN resources (value of K is FFS).
3. Conclusion

In this contribution, some issues regarding the resource allocation of Type 2 discovery signals are discussed. We propose the following. 
Proposal 1: A resource pool is semi-statically assigned for type 2B discovery receiving UEs
· The size of the region should be adjustable according to the number of type 2B discovery UEs.

· The resource region can be FDM/TDM with resources allocated for type 1 discovery.

Proposal 2: A predetermined hopping pattern should be applied to type 2B discovery such that all the type 2B discovery UEs can discover each other within a minimum length of time while achieving a frequency diversity gain.

Proposal 3: The transmission timing of type 2B discovery UEs is configurable by the eNB, e.g., together with eNB resource allocation or via SIB and by considering the real implementation of multiplexing between D2D resources and WAN resources.

Proposal 4: Interference from D2D signals to WAN UL transmission should be investigated and mitigated by considering option 1, power control of D2D transmission, and option 2, allocating D2D resources at least K PRBs (in frequency domain) away from WAN resources (value of K is FFS).
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