Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #75


R1-135806
San Francisco, USA, 11th – 15th November 2013

Source: 
Ericsson

Title:
Physical Channels design for D2D
Agenda Item:
6.2.8.2.1
Document for:
Discussion and Decision

1 Introduction
In RAN1#74bis, the following working assumption has been agreed for the physical channel design [1]:

· SC-FDMA, applicable to all data-carrying physical channels 

· PUSCH structure is reused for D2D data communication physical channel, including:

· 24 bit CRC is inserted

· Turbo coding is used

· Rate matching is used for bit size matching and possibly for generating multiple transmissions.

· Scrambling is to be used for interference randomization.

· PUSCH DMRS is transmitted

· Possible additional RS is FFS

· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details 
With the above agreements, PUSCH structure will be reused for D2D data communication physical channel, while the CP, GP, and scrambling need to be further studied. This contribution addresses physical channels design for ProSe D2D operations. The proposal addresses both discovery and communication channels. Scrambling details are discussed in a companion contribution [3]. Multiplexing of different channels is addressed in [4].
2 GP Design of D2D Data Channel 
D2D communication and cellular UL transmissions share UL resources, which may cause interference for different reasons including time misalignment of transmitted and received subframes. Time misalignment may occur, e.g., due to different synchronization sources, propagation delays, different TAs for the D2D transmissions and cellular transmissions. Such time misalignment may result in inter-UE interference, and Rx to Tx transition may result in intra-UE collision. More specifically, 

· Intra-UE collisions: occur during transitions between D2D/cellular and D2D Rx/Tx (see Figure 1). Transition time of ~20us (624Ts) [1] for tx-rx switching needs to be accounted as intra-UE collisions, too.
· Inter-UE interference: occurs between D2D subframes and cellular subframes (see Figure 2), the beginning or the tail of a subframe is severely interfered due to near-far propagation scenarios.

The interference or collision may be over a part of interfered SC-OFDM symbols, e.g., up to 10-20 µs at the beginning and/or end of the D2D subframe. The size of the interfered part is determined e.g. by the distances between cellular UE and D2D Rx. The size of the collision part is determined by the TA difference for D2D Tx and cellular UE, Rx/Tx transition time, distance between D2D Tx/Rx, etc. If the intra- or inter-UE interference is severe, the data transmissions may be not received correctly. 
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Figure 1: Intra-UE collision.
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Figure 2: Inter-UE interference.
To avoid or alleviate the intra-UE collision and inter-UE interference at the beginning and end of D2D subframe, guard period is needed for data channel of D2D. Different design options are possible in order to cope with the above issues, as discussed in the following.

Observation:

· GP is useful at beginning/end of D2D subframe.
A) First and/or Last Symbol of the D2D Subframe Used as Guard Period
In this case, both inter-UE interference and intra-UE collisions are prevented by not transmitting the first and last symbols of the D2D channels. The corresponding overhead is 2/14=14.3% of the total subframe area for normal CP (and correspondingly larger if one considers only the data part, since DMRS are not transmitted in the first/last OFDM symbols). The relative overhead is even larger when considering extended CP. Therefore, this option is not preferred because of overhead reasons. 

Observation:

· Using the first/last OFDM symbols as guard periods incurs in large overhead (14.3% of the subframe for normal CP)
B) A Fraction of the First and/or Last Symbol of the D2D Subframe Used as Guard Period
The SC-OFDM symbol generation may be modified in the first and last symbols of the subframe in order to obtain an SC-OFDM symbol of half time length as compared to the usual SC-OFDM symbols. This can be achieved by fully reusing the normal LTE transmitter and receiver blocks, as discussed in more detail in the Appendix.
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Figure 3: D2D subframe where the first and last SC-OFDM symbols are half length (excluding CP) compared to normal SC-OFDM symbols.
Compared to Option A), Option B) is associated to exactly half of the overhead. The guard period of approximately half SC-OFDM symbol length is considered sufficient to avoid the inter-UE interference and intra-UE collision issues mentioned above.
Observation:

· A reduced guard period of half SC-OFDM symbol can be achieved without changing the LTE transmitter/receiver blocks

C) Interleaver Modification for Improved Reception in lack of Guard Periods
Options A) and B) are transmitter-centric, in the sense that they avoid the interference and collision issues by employing guard periods in the modified subframes. A different type of solution employs transmission of full subframes (without guard periods) and lets the receiver handle interfered/collided subframes [2]. E.g., in case of collision the transmitter may drop part of the first/last SC-OFDM symbol. Similarly, in case of interference, part of the first/last SC-OFDM symbol might be severely interfered and unusable for detection.

The receiver is assumed to be able to detect collided/interfered SC-OFDM symbols and process the subframe accordingly. In order to aid detection of interfered/collided subframes, it is suggested to employ a modified interleaver for D2D that avoids mapping systematic bits to the first/last SC-OFDM symbols. 

The main advantage of Option C) as compared to options A) and B) is that the effective code-rate increase associated to guard periods is experienced only in case of collision/interference and not for all D2D subframes.

Observation:

· Even without introducing guard periods, the receiver may minimize the performance loss due to collided/interfered SC-OFDM symbols

· It is preferable to modify the interleaver such that no systematic bits are mapped to the first/last symbols of D2D subframes.
3 CP Design of Physical Channels and Multiplexing Between D2D and Cellular 
There are two kinds of CP length supported in LTE: normal CP and extended CP. In most cases, normal CP is used while extended CP is used in scenarios where the channel has larger delay spread or when MBSFN subframes are configured. Physical channels for D2D communication, such as beacon channel and scheduling assignments [4] may be transmitted by multiple UEs in the same subframe (FDM) and may be received by multiple UEs at the same time. Because of different transmission timing at multiple transmitters, different propagation delay from the transmitter to receiver, the signal arriving at a receiver side may be spanning a larger time range than CP. The CP length for D2D physical channels needs therefore to be studied.

CP design is related to the transmission timing, range requirements and the multiplexing scheme for the physical channels. It is agreed in RAN1#74bits about the transmission timing for discovery:

Working Assumption:
· At least for discovery:

· Any UEs that do not have an active timing advance value (including RRC_Idle UEs in coverage if transmission of discovery signal is supported for such UEs, and out of coverage UEs that do not have an active timing advance value) use T2=0 

Based on this assumption, UEs will transmit discovery using the reception timing of synchronization reference. 
Considering the coexistence of D2D with cellular in network coverage in UL band for FDD or UL subframe in TDD, if D2D transmission is using DL timing while cellular transmission by the same UE is using UL timing advance, they will not be time aligned at receiver (eNB or UE), which will cause mutual interference between D2D and cellular. Especially when D2D UE is in the cell center and the transmission of discovery beacon using maximal power, the interference from D2D to cellular is severe. Then it is not suitable for D2D discovery and cellular to apply FDM in the same subframe. 

Proposal:

· Discovery and other D2D/cellular channels are TDMed in different subframes.
For data communication in network coverage, only RRC_CONNECTED UE can transmit data [5] in which case UL TA is available for the UE. Both RRC_CONNECTED and RRC_IDLE UE can receive the data broadcasted from transmitter. Assuming that the UL TA is used for D2D data broadcast, FDM with cellular in the same subframe can be used to improve system spectral efficiency greatly. 
Observation:

· FDM of D2D broadcast data transmission and cellular is needed for reasonable system level efficiency.

Proposal:

· Use UL TA as transmission timing for data communication in NW to allow FDM between the D2D physical data channels and legacy LTE.

UL TA is determined by the distance between eNB and D2D transmitter. A potential issue arises when considering the scenario of large cell range, where the TA may be larger than normal CP. In this case, receiving UEs will be hardly able to detect D2D communication correctly. A possible solution will be that the TA information of transmitter is carried in some channel, such as scheduling assignment, and notified to receivers. In this case, the receiver can receive the data based on the TA information of transmitter. 

Proposal:
· If the D2D transmitter is using UL TA for transmit timing of its transmissions, this UL TA may also be provided to receivers to improve the reception of the D2D channels.

Another solution is to adopt extended CP, which however prevents FDM of physical direct data channels with legacy LTE. The extended CP solution might be needed in those cases where the receiver is not aware of the TA associated to the transmitter (e.g., at reception of the scheduling assignment). However, the use of extended CP on data channels should be avoided whenever possible, e.g., for direct data channels scheduled by a scheduling assignment. Therefore, we propose the following:
Proposal: 
· Physical direct data channel carrying scheduling assignments may adopt extended CP.
· Physical direct data channel carrying data scheduled by a scheduling assignment adopt normal CP.
To summarize, we propose to extend the RAN1#74bis agreement as in Table 1.
Proposal: 
· Adopt CP length for the D2D physical channels according to Table 1.
Table 1: CP and multiplexing scheme for various physical channels and types of payload

	Channel/payload type:
	Discovery channel
	Physical direct data channel carrying a scheduling assignment [4]
	Physical direct data channel carrying broadcast data
	PD2DSCH 

	Multiplexing:
	FDM in discovery subframes;

TDM with other D2D/cellular channels;
	FDM in scheduling assignment subframes; 
TDM with other D2D/cellular channels;
	FDM with legacy UL channels/signals;
	TDM with other D2D/cellular channels [6];

	CP length:
	FFS: normal/extended CP
	FFS normal/extended CP
	Normal CP
	FFS normal/extended CP


4 Summary

The following observations and proposals are made.

Observation:

· GP is useful at beginning/end of D2D subframe.
· Using the first/last OFDM symbols as guard periods incurs in large overhead (14.3% of the subframe for normal CP)
· A reduced guard period of half SC-OFDM symbol can be achieved without changing the LTE transmitter/receiver blocks

· Even without introducing guard periods, the receiver may minimize the performance loss due to collided/interfered SC-OFDM symbols

· It is preferable to modify the interleaver such that no systematic bits are mapped to the first/last symbols of D2D subframes
· FDM of D2D broadcast data transmission and cellular is needed for reasonable system level efficiency.

Proposal:

· Discovery and other D2D/cellular channels are TDMed in different subframes.
· Use UL TA as transmission timing for data communication in NW to allow FDM between the D2D physical data channels and legacy LTE.

· If the D2D transmitter is using UL TA for transmit timing of its transmissions, this UL TA may also be provided to receivers to improve the reception of the D2D channels
· Physical direct data channel carrying scheduling assignments may adopt extended CP;
· Physical direct data channel carrying data scheduled by a scheduling assignment adopt normal CP;
· Adopt CP length for the D2D physical channels according to Table 1.
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Appendix: Generation of Shortened SC-OFDM Symbols

In Section 2-B) a technique for multiplexing in time domain shortened data SC-OFDM symbols and guard periods (GP) is presented. In principle, any partitioning between the GP and the data part is possible. However, for implementation efficiency, it is suggested to partition the nominal SC-OFDM symbol length (excluding CP) exactly in two equal parts, one for data and the other for GP. The data part may be inserted at the beginning or at the end of the SC-OFDM symbol, depending if the GP is desired at the end or at the beginning of the symbol. The data part is preceded by the corresponding CP.

Examples of the data/GP multiplexing within the LTE SC-OFDM symbol length are provided in Figure 5 and Figure 6, where M is the LTE symbol length and L_CP is the CP length.
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Figure 5: Shortened SC-OFDM symbol followed by GP
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Figure 6: GP followed by a shortened SC-OFDM symbol 
Various equivalent options are possible for the implementation of the transmitter and receiver. E.g., one may employ an M/2 size IDFT modulator and demodulator. Alternatively, or one may use the normal size-M IDFT modulator and feed every second input subcarrier within the scheduled bandwidth, and perform the corresponding de-mapping at the receiver. No changes in the equalization are necessary.

The main potential disadvantage of the above technique is that it produces a certain level of ICI to other FDM-ed channels. Figure 7 shows the level of interference generated to adjacent RBs by a 1-RB BW SC-OFDM symbol of half length. It is noted that the interference levels are low and in the same order of magnitude as RAN4 inband emission requirements. However, more thorough evaluations are recommended for further study.
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Figure7: Relative ICI (normalized to the received power of the used subcarriers) for adjacent RBs. The interferer is transmitting on RB-index 1.
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