
3GPP TSG RAN WG1 Meeting #79

   R1-144609
San Francisco, USA, 17th – 21st November 2014

Source:
CATT
Title:
Remaining design for PD2DSCH
Agenda Item:
6.2.1.1.2
Document for:
Discussion and Decision
1. Introduction
It was agreed that PD2DSCH is defined to carry D2D frame number and provide some resource allocation information of network for out-of-coverage UEs. Current agreements on transmission and content of PD2DSCH are listed below as starting point:
Agreement:
· Communication UEs transmitting D2DSS transmit PD2DSCH in in-coverage, out of coverage cases

· In coverage UEs participating only in discovery do not transmit PD2DSCH

· PD2DSCH periodicity is same as D2DSS periodicity 

· PD2DSCH at least contains:

· DFN (already agreed for out of coverage)

· When PD2DSCH is transmitted by a UE in coverage, DFN = SFN of the cell of the UE 

· DFN is represented by 14 bits, comprised of SFN + offset indication

· TDD UL/DL configuration (3 bits)

· When PD2DSCH is transmitted by a UE in coverage, the value corresponds to the cell of the UE

· Field is reserved in case of FDD

· Field is reserved at least when PD2DSCH is transmitted by UEs which are transmitting D2DSS from D2DSSue_oon

· A receiving UE shall assume that any UE which is transmitting D2DSS from D2DSSue_oon is using the same preconfigured value of any reserved field. 
· For out-of-coverage UEs, the uplink system bandwidth to be the assumed by the UE can be known by pre-configuration. 

· FFS whether PD2DSCH can inform the UE of the uplink system bandwidth; if the PD2DSCH provides the uplink system bandwidth, it would over-ride the preconfiguration. 

· For a given carrier frequency, from the perspective of a given UE different sidelink system bandwidths for transmission and reception are not supported in Rel-12 
In this contribution, we further discuss the content and corresponding design of PD2DSCH.
2. Discussion
2.1. Content and format of PD2DSCH
It was agreed that DFN and TDD UL/DL configuration could be indicated by PD2DSCH for synchronized transmission in partial and out-of-coverage scenarios. It is FFS whether other information is needed to be contained. The possible contents to be indicated via PD2DSCH are analyzed below.

· System bandwidth
Based on current agreement, out-of-coverage (OOC) UEs could be preconfigured with an uplink system bandwidth for D2D transmission/reception, which in-coverage (IC) UEs would transmit and receive D2D signal based on uplink system bandwidth of its serving cell. If the preconfigured bandwidth is different from the network bandwidth, it would be difficult for IC UEs and neighboring OOC UEs to communicate with each other. For example, the UEs with smaller D2D bandwidth would miss an amount of D2D signal from the D2D UEs with larger bandwidth. To solve this issue, the network system bandwidth could be forwarded to OOC UEs via PD2DSCH, and then these OOC UEs (so-called Partial Coverage PC UEs, who can detect D2DSS/PD2DSCH from IC UEs) could use this bandwidth as uplink system bandwidth. Furthermore, if resource pool information is also forwarded as proposed below, this bandwidth is far more important to confirm the resources of transmission pool for transmission and/or reception.
· TDD UL/DL configuration
It was agreed that TDD UL/DL configuration would be included in PD2DSCH transmitted by IC UEs, and this field is reserved in PD2DSCH associated with D2DSS from D2DSSue_oon. According to the synchronization procedure in [2], PC UEs receiving D2DSS/PD2DSCH from IC UEs are expected to transmit D2DSS from D2DSSue_net with stratum level equal to 1. To avoid the interference to WAN DL transmission, these UEs are allowed to transmit D2D signal only in UL subframes based on the network UL/DL configuration forwarded by IC UEs. For other OOC UEs who can’t detect D2DSS/PD2DSCH from IC UEs, they may perform D2D transmission/reception based on a preconfigured UL/DL configuration, which could be different from that of network. In this case, these OOC UEs could not be aware of the actual physical resources used for data transmission of PC UEs even if they can blindly detect the SA from PC UEs. Then the communication among PC UEs and other OOC UEs would be an issue. To solve this issue, the TDD UL/DL configuration should also be carried by PD2DSCH transmitted from PC UEs for D2D reception in other OOC UEs, especially when network resource pool is also forwarded by PC UEs.
· TDD/FDD indication
It was proposed by some companies that a TDD/FDD indication is carried by PD2DSCH to inform the TDD/FDD operation of transmitter. Nevertheless, as proposed in [3], a TDD UL/DL configuration should be always preconfigured in a TDD carrier, and UEs would perform D2D in the carrier based on this configuration. Similarly, UE would perform D2D in a FDD carrier without considering any UL/DL configuration. It is unnecessary to support TDD in FDD carrier or FDD in TDD carrier. Hence, TDD/FDD indication is not needed and can be directly acquired from the type of operating carrier.
· Stratum level
In our contribution [2], it is proposed that multi-hop transmission with maximal stratum level of M=1 is supported for communication D2DSS. Based on this synchronization procedure, stratum level should be carried by D2DSS or PD2DSCH to identify the priority of a synchronization source. Considering PD2DSS/SD2DSS needs to carry D2DSS group information and SSID respectively, it would be better to include this information in PD2DSCH. 
· Resource pool configuration
For communication, transmission resource pool information in PD2DSCH is useful in partial coverage scenario from the following aspects:

· With the information of transmission pools for Mode 2 SA and data within coverage, PC UEs around network coverage can compete the resources in these pools with IC UEs, and the impact to WAN signal and D2D transmission within coverage can be minimized. 
· Since PC UEs and IC UEs would transmit Mode 2 D2D signal in the same resource pool, IC UEs could detect the communication signal from IC UEs and PC UEs at the same time, and the detection complexity can be significantly reduced.
· If PC UEs are aware of the SA and data resource pool of IC UEs, D2D detection with repetition combining based on the resource pool can significant improve the D2D detection performance compared to blind detection without resource pool information.
If PC UEs transmit D2D signal in forwarded network resource pool, they should also forward the resource pool to other OOC UEs. Otherwise, other OOC UEs would detect only in a preconfigured resource pool which may be different from the network resource pool, and communication between PC UEs and other OOC UEs would be unavailable. Hence, it is recommended that Mode 2 resource pool information is included by PD2DSCH transmitted by IC UEs and PC UEs. 
According to current agreement, the payload of Mode 2 SA/data resource pool is considerable as listed in Table 1, assuming that only the transmission pool used for SA/data transmission is forwarded. A method to lower the payload is only to indicate the time domain resource information of data resource pool, and PC UEs is only allowed to transmit D2D signal in these time domain resources. The reduced resource pool configuration is shown in Table 2 with maximal payload of 54bits. With this information, the impact to WAN transmission can still be restricted, but the other benefits from forwarding resource pool would be lost.
Table 1: Resource pool configuration for Mode 2 SA and data
	Indication content
	Number of bits

	SA & Mode 2 data period.
	2bits

	Number of PRBs for SA resource pool
	6bits for 10M bandwidth

	Start PRB offset for SA resource pool
	6bits for 10M bandwidth

	End PRB offset for SA resource pool
	6bits for 10M bandwidth

	Offset indication  for SA resource pool within a  SA period
	Up to 9bits according to SA period

	Bitmap for SA resource pool
	40 bits for FDD, up to 42 bits associated with the UL-DL configuration for TDD

	PUSCH Type 2 hopping parameter used for data pool associated with the SA pool 
	9bits

	Number of sub-bands used for PUSCH Type 2 hopping of data pool associated with the SA resource  pool
	2bits

	Hopping RB offset for data pool associated with the SA resource pool
	7bits

	Mode 2 SA cyclic prefix length
	1bit

	Mode 2 data cyclic prefix length
	1bit

	Number of PRBs for Mode 2 data pool
	6bits for 10M bandwidth

	Start PRB offset for Mode 2 data pool
	6bits for 10M bandwidth

	End PRB offset for Mode 2 data pool
	6bits for 10M bandwidth

	Offset indication  for Mode 2 data pool within an instance of saPeriod
	Up to 9bits according to SA period

	Bitmap for Mode 2 data pool
	40 bits for FDD, up to 42 bits associated with the UL-DL configuration for TDD

	Total
	Up to 160 bits


Table 2: Reduced resource pool configuration for Mode 2 SA and data
	Indication content
	Number of bits

	SA & Mode 2 data period.
	2bits

	Offset indication  for Mode 2 data pool within an instance of saPeriod
	Up to 9bits according to SA period

	Bitmap for Mode 2 data pool
	40 bits for FDD, up to 42 bits associated with the UL-DL configuration for TDD

	Mode 2 data cyclic prefix length to ensure the same CP length in data subframe
	1bit

	Total
	Up to 54 bits


· Power control parameters for OOC UEs

It was proposed by some companies that some power parameters can be carried by PD2DSCH to control the transmit power of OOC UEs closed to network coverage. Without position information of OOC UEs (e.g. pathloss between OOC UEs and eNB), eNB can only blindly reduce the power of OOC UEs to avoid potential interference to WAN transmission, e.g. limiting the maximal power of OOC UEs. It is unclear whether this blind power control is effective and worthy since the impact to communication range of OOC UEs would be significant. Hence, power control via PD2DSCH is not recommended for OOC UEs.
Based on above analysis, system bandwidth, TDD configuration and resource pool configuration are expected to be carried by PD2DSCH transmitted by IC UEs and PC UEs, while stratum level should be carried by all PD2DSCH. Then two PD2DSCH formats can be defined as shown in Table 3. If resource pool is carried by PD2DSCH Format 1 as in Table 3, the size of Format 1 would be significantly larger than that of Format 2. In this case, the fields of TDD configuration, system bandwidth and resource pool configuration should not be reserved in Format 2. Otherwise the detection performance of PD2DSCH Format 2 would be unnecessarily degraded.
Table 3: Content of PD2DSCH transmitted by IC and PC UEs (Format 1) and other OOC UEs (Format 2)
	Content
	Number of bits for Format 1
	Number of bits for Format 2
	description

	DFN
	14
	14
	Comprised of SFN + offset indication

	Stratum level
	1
	1
	In Format 1, 1 bit is used to distinguish IC UEs and PC UEs; In Format 2, 1 bit is used to distinguish ISS and other OOC UEs.

	TDD UL/DL configuration
	3
	0
	TDD configuration on a TDD carrier.

	System Bandwidth
	3
	0
	Uplink system bandwidth within network

	Resource pool configuration*
	54/160bits
	0
	In-coverage resource pools used for Mode 2 communication transmission including CP length. The details are shown in Table 1 and 2.

	CRC
	16
	16
	

	Total
	91/197 bits
	31 bits
	91 bits correspond to Table 2 and 197 bits correspond to Table 1.


As proposed in [2], IC UEs and PC UEs which synchronized to IC UEs transmit D2DSS from D2DSSue_net, while other OOC UEs transmit D2DSS from D2DSSue_oon. That means PD2DSCH format can be associated with D2DSS group and implicitly indicated via PD2DSS index, and no blind detection for PD2DSCH format is needed. UEs transmitting D2DSS from D2DSSue_net would transmit PD2DSCH based on Format 1, while UEs transmitting D2DSS from D2DSSue_oon would transmit PD2DSCH based on Format 2.
Proposal 1: Two PD2DSCH formats described in Table 3 are supported.
Proposal 2: PD2DSCH format is associated with D2DSS group and indicated by PD2DSS root indexes.

2.2. Further considerations and evaluation for PD2DSCH
The channel estimation of PD2DSCH can be based on D2DSS or specific DMRS symbols like PUSCH. In Fig.1, we compare the link level performance of these two mechanisms assuming different PD2DSCH payloads as discussed in section 2.1. Three payloads {40, 90, 200} bits are considered, corresponding to three cases: 
· 40bits: PD2DSCH Format 1 without resource pool.
· 90bits: PD2DSCH Format 1with reduced resource pool in Table 2.
· 200bits: PD2DSCH Format 1 with full resource pool in Table 1. 
For D2DSS based DMRS, channel estimation is based on SD2DSS and 3dB power reduction is considered for SD2DSS compared to DMRS mechanism. The other simulation assumptions can be found in Table 4. It can be found that with payload of 40 bits, the performance of DMRS based channel estimation is better, while D2DSS based estimation perform better for payload of 200bits. The reason is that two symbols reserved for DMRS would lead to larger performance loss with higher coding rate. DMRS based channel estimation could be adopted if resource pool information is not carried by PD2DSCH.
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Figure 1: Performance of PD2DSCH with/without specific DMRS
If resource pool information in Table 1 is carried by PD2DSCH, the detection threshold would be significantly high and further solutions should be considered to ensure the PD2DSCH performance. One method can be using D2DSS for demodulation to improve the performance. An issue of D2DSS based channel estimation is Quasi-Co-location of D2DSS and PD2DSCH. Since only communication UEs would transmit PD2DSCH, D2DSS can be used as DMRS only when different D2DSS sequences are used for discovery and communication, e.g. by different root indexes. Another method is to use two or more subframes to transmit/retransmit PD2DSCH Format 1 within one period. The repetition transmission of PD2DSCH can occupy continuous or discontinuous subframes, e.g. D2DSS resources with interval of 10ms. To avoid increased resource overhead, the performance of PD2DSCH transmission can also be improved via inter-period combining through multiple periods, at the cost of some detection delay. Considering the information in PD2DSCH would be updated in a long term, detection delay of about 100ms would not be an issue for synchronization.
In Fig.2, we show the performance of PD2DSCH with combining of multiple transmissions. It is shown that the detection performance can be significantly improved via this mechanism. With combining of 4 PD2DSCH transmissions, the 1% detection threshold can be reduced to -1dB when full resource pool is carried. If further improvement on the PD2DSCH performance is needed for coverage, reduced resource pool in Table 2 can be carried in PD2DSCH instead as a tradeoff.
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Figure 2: Performance of PD2DSCH with combining of multiple transmissions
Proposal 3: LTE like DMRS is used for PD2DSCH channel estimation if resource pool information is not carried by PD2DSCH.
Proposal 4: If resource pool information in Table 1 is carried by PD2DSCH, further solutions should be considered to ensure PD2DSCH performance, e.g.
· D2DSS is used for channel estimation and different D2DSS sequences are used for discovery and communication.
· Multiple subframes are used for PD2DSCH transmission within one period. Or
· Inter-period combining is adopted for PD2DSCH detection.

Proposal 5: If detection performance is still an issue, the reduced resource pool information in Table 2 can be adopted in PD2DSCH instead of the information in Table 1 as a tradeoff.
3. Conclusion
In this contribution, the remaining design of PD2DSCH is discussed. The information carried by PD2DSCH is analyzed, and two formats are proposed for PD2DSCH transmitted by different types of UEs. Some link level simulation results are also provided for further design of PD2DSCH. The proposals are summarized as below.
Proposal 1: Two PD2DSCH formats as described in Table 1 are supported.

Proposal 2: The PD2DSCH format is associated with D2DSS group and indicated by PD2DSS root indexes.
Proposal 3: LTE like DMRS is used for PD2DSCH channel estimation if resource pool information is not carried by PD2DSCH.
Proposal 4: If resource pool information in Table 1 is carried by PD2DSCH, further solutions should be considered to ensure PD2DSCH performance, e.g.
· D2DSS is used for channel estimation and different D2DSS sequences are used for discovery and communication.
· Multiple subframes are used for PD2DSCH transmission within one period.Or
· Inter-period combining is adopted for PD2DSCH detection.

Proposal 5: If detection performance is still an issue, the reduced resource pool information in Table 2 can be adopted in PD2DSCH instead of the information in Table 1 as a tradeoff.
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5. Appendix

Table 4: Link level simulation assumptions
	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	Synchronization resource
	6RB PUSCH with two slots

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Discovery message size
	40,90,200 bits

	UE mobile speed
	3km/h

	CP type
	Normal CP

	Receiver
	MMSE

	Subframe pattern
	2PD2DSS+2SD2DSS or

2PD2DSS+2SD2DSS+2DMRS

The symbol position in [3] is adopted.






















































































