Page 1

3GPP TSG-RAN WG1 #76bis 
R1-141422
Shenzhen, China, 31st March – 4th April 2014
Agenda item:
7.2.7.1.1
Source: 
ZTE
Title: 
Design Details of Discovery Signal and Channel
Document for:
Discussion/Decision
1. Introduction
In RAN#63 meeting, Release-12 D2D WID was approved and it is agreed that discovery signal and channel will be defined [1]:

1) Define physical signals and channels and related UE behaviors for D2D discovery and broadcast communication [RAN1]

a) Specify synchronization signal (D2DSS) and, if supported, synchronization channel (PD2DSCH)

b) Specify modifications, if any, of PUSCH for D2D discovery and broadcast communication (data and scheduling assignments)

c) Specify control needed for physical layer signal transmission/reception for broadcast communication

While in RAN1 #76 meeting, the following working assumptions were made for both discovery and communication [2]: 
From the perspective of a single UE:

· No DTX period is introduced solely to aid switching for the case when a UE switches from uplink transmission to D2D reception 

· In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized

· The last symbol(s) of a D2D transmission can consist of a gap

· The size of the gap is FFS between ½, 1 and 2 symbols – revisit at RAN1#76bis

· FFS whether the size can depend on cell size – revisit at RAN1#76bis

· FFS whether the gap is created by puncturing or rate matching

· FFS whether, and if so how, the receiver is made aware of the presence (and length if variable) of the gap

· FFS in which circumstances the gap exists

· No DTX period is introduced solely to aid switching for the case when a UE switches from D2D transmission to D2D reception, nor from D2D reception to D2D transmission.
In this contribution, discovery signal and channel design details, as well as potential impact on cellular caused by discovery will be further discussed based on agreements of Release-12 D2D SI.
2. Discussion on discovery signal design options
2.1. Discovery DMRS sequence
As PUSCH structure will be reused for discovery message transmission, a straightforward design of discovery sequence is to reuse PUSCH DMRS. Thus for discovery signals with 1 or 2 PRBs in frequency, QPSK modulated sequence will be reused as sequence according to LTE specification. However, further details of sequence used for discovery, e.g. cyclic shift, may be different from that of LTE cellular. 

For discovery type 1, a reasonable assumption is RRC_IDLE UEs should be able to transmit and receive discovery signals, which implies that transmitting UEs may determine the resources for discovery signal transmission by themselves, and thus collisions of discovery signals may be inevitable. Considering the orthogonality between DMRS sequence of different cyclic-shifts, cyclic shifting seems to be a natural choice to prevent channel estimation performance from being too severely degraded by the resource collision.

On the other hand, transmission and reception of discovery signals in idle mode means that blind-decoding is needed. When performing the channel estimation, the UE should first blindly try a few hypotheses of cyclic shifts for DMRS sequence. This may increase the complexity of receiver implementation to some extent, especially considering the number of discovery signal that needs to be blindly decoded in a subframe. Moreover, since the fading channel is not frequency flat, additional cyclic shift may degrade link level performance due to the potential interference between sequences.
Hence there would be a trade-off between the collision probability of discovery signal and the complexity of receiver implementation. And hence we have the following proposal.
Proposal 1: cyclic shift should be considered for discovery DMRS sequence, while the number of supported cyclic shifts needs to be evaluated further.
2.2. Scrambling of discovery message
In LTE, bit scrambling is widely used in signal transmissions to randomize interference of both inter-cell and intra-cell. Similar requirements are also seen for D2D discovery.
UE-specific scrambling is certainly useful in interference randomization between UEs, especially in discovery type 1 where UEs chooses the discovery resources by themselves. Nonetheless, a non-UE-specific scrambling makes more sense for discovery type 1 since UE-specific scrambling may be too restrictive as the receiving UEs generally do not know UE-specific parameters of transmitting UEs before they carry out the blind detection.
Cell-specific parameters for scrambling sequence initialization can help to randomize the inter-cell interference randomization in cellular communication. While for D2D discovery, as discovery signal transmission is of broadcast nature, limiting discovery to a single cell does not seem reasonable. As circumstances may vary for different network deployments, details need to be discussed based on specific deployments scenarios.
Synchronized deployment is the default for TDD systems. Network wide synchronization is also seen in many FDD systems around the world. Due to the synchronization property, UE could perform discovery signal detection directly without prior knowledge on neighbor cells’ synchronization information. Therefore, a non-UE-specific discovery signal will facilitate the discovery signal detection. For example, discovery resource index (subframe index or RB index) and cyclic shift value can be considered as input for the initialization of scrambling sequence. 
While for asynchronous deployments, it may be difficult to time-align the discovery resources of different cells. Therefore, cell-specific scrambling sequence may be useful for inter-cell interference randomization, e.g. use physical cell ID to initialize scrambling sequence. Certainly this requires that the UEs should know the cell ID of neighboring cells.
Therefore, we propose:
Proposal 2: non-UE-specific scrambling should be considered at least for discovery type 1; for asynchronous deployments, scrambling sequence should be cell-specific. For synchronous deployments, scrambling with common scrambling sequence should be the baseline.
For discovery type 2, discovery resources are allocated in a UE-specific manner, it is more meaningful to randomize interference between cells when the scrambling is considered. All the above proposals are also applicable.
2.3. Resource unit of discovery signal
The current assumption of payload of discovery message in RAN1 is 104bits, which can be carried on either one PRB pair or multiple PRB pairs. Simulations were carried out to compare the performance between one PRB pair and two PRB pairs [3].
It is also noted discovery message size of 192 bits is recommended by SA groups. Obviously, larger message requires more resources in time or/and frequency, and hence the discovery range may be decreased. In other words, keeping the discovery message size to be close to 104 bits would make LTE D2D discovery more competitive.
Proposal 3: it is desirable to keep the discovery message size to be around 104bits.
3. Discovery channel design and impact on cellular
Because of the different timing between discovery signal transmission and PUSCH transmission as well as Rx-Tx switching time, there would be an overlap between D2D subframe and the following WAN UL subframe. The length of the overlap is TA + GP, where GP denotes Rx-Tx switching time.

Considering the high priority of UL WAN transmission, a gap in the last symbol(s) should be reserved for discovery channel design to minimize the impact on WAN UL subframe.  
For the gap length of 1/2,1 and 2 symbols, the maximum cell radius allowed is 1.95 km, 7.65 km and 18.3 km, respectively.

Though some overhead can be saved by setting the gap length to be 1/2 symbol, it would bring significant complexity to the standardization and the implementation. Regarding the gap length of 2 symbols, the corresponding deployment environment may be quite rare.

Proposal 4：The last one symbol in the D2D subframe should be reserved for the gap. 
The gap can be created by puncturing or rate matching. By comparison, rate matching is more favorable.
Proposal 5： Rate matching should be supported to accommodate the gap at the end of D2D subframe.
4. Discovery impact on PUCCH
The impact of D2D discovery on PUCCH includes in-band emission and ICI.

In-band emission occurs when D2D discovery signal and PUCCH are FDM in the same D2D subframe. System simulation is carried out to get SINR CDF of PUCCH. Different P0 (target received power) values are simulated Statistics of SINR is collected per UE in Fig. 1, where SINRs of different PRBs of a UE are averaged. Whereas in Fig. 2, statistics is collected per  PRB. Detailed simulation parameters are listed in the Appendix.
The curves in Fig. 1 show that discovery transmission has relatively minor impact on PUCCH. However in Fig. 2, it is observed that per PRB SINR of PUCCH suffers significantly due to the in-band emission. As PUCCH occupies both edge of the operating bandwidth, certain averaging effect is expected. PUCCH often has closed-loop power control, which can reduces the variation of SINR per PRB. Therefore, results in Fig. 1 may reflect the best case, and Fig. 2 would be considered as the worst case scenario.
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Figure 1 CDF of SINR of PUCCH(collected per UE)
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Figure 2 CDF of SINR of PUCCH (collected per PRB)

Observation 1: The in-band emission of D2D discovery signal would have some impact on PUCCH performance.
In Fig. 1 and Fig. 2 as expected, less impact on PUCCH decreases as P0 is lowered. Of course, this would come at the cost of discovery performance as shown in Fig. 3 and Fig. 4. 
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Figure 3 CDF of discovery distance for different P0
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Figure 4 Number of discovered UEs as a function of discovery period
Proposal 6： Impact on PUCCH from in-band emission should be studied. Appropriate P0 can be set to balance the impact on PUCCH and the performance of discovery.
5. Summary
Discovery signal and channel design details as well as potential impact on cellular caused by discovery were discussed in this contribution. Based on the discussions, we have the following proposals:

Proposal 1: cyclic shift should be considered for discovery DMRS sequence, while the number of supported cyclic shifts needs to be evaluated further.
Proposal 2: non-UE-specific scrambling should be considered at least for discovery type 1; for asynchronous deployments, scrambling sequence should be cell-specific. For synchronous deployments, scrambling with common scrambling sequence should be the baseline.
Proposal 3: it is desirable to keep the discovery message size to be around 104bits.
Proposal 4：The last one symbol in the D2D subframe should be reserved for the gap. 
Proposal 5： Rate matching should be supported to accommodate the gap at the end of D2D subframe.
Proposal 6： Impact on PUCCH from in-band emission should be studied. Appropriate P0 can be set to balance the impact on PUCCH and the performance of discovery.
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Appendix: Simulation assumptions
	Parameter
	Assumption

	Layout
	Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell
Hexagonal grid, 19 cell sites, 3 sectors per site, wrap around

	Channel model
	According to TR 36.843 v1.2.0

	Carrier frequency
	2G MHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of cellular UEs per sector
	25 UEs

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v1.2.0

	Discovery Bandwidth
	44RBs

	Discovery subframes number in one period
	30

	Discovery signal format
	1 PRB PUSCH with two slots

	Resource allocation
	Random allocation within each period as baseline

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

	PUCCH Power Control
	P=Po+ Alpha×PL
Po=-80dBm，Alpha = 0.8

	Discovery message payload
	104 bits

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	UE mobile speed
	3km/h
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