3GPP TSG-RAN WG4 Meeting #69
R4-136849
San Francisco, CA, US, 11 - 15 Nov, 2013 
Agenda item:

10.7.1
Source:
Broadcom Corporation
Title:
Considerations on device to device proximity services
Document for:

Discussion
1. Introduction
In [1][2][3], RAN 1 sent RAN4 several LSs related to D2D. In this contribution, we present out initial thoughts on the issues raised by RAN1 LSs. 
 
2. Discussion
2.1 Discussion for LS R1-133986
	R1-133986: 

In ProSe Discovery and Communication several ProSe-enabled UEs might be transmitting D2D signals at the same time in the same band similar as in LTE UL. In contrast to LTE UL, where there is a single point of reception i.e. the eNB, power control with respect to the point of reception will be not possible for D2D as the D2D signals are supposed to be received at several ProSe-enabled UEs having different locations. As a consequence, the dynamic range of the received D2D signals of different transmitting ProSe-enabled UE received at a ProSe-enabled UE depending on the scenario might be rather large. Therefore, RAN1 identified UE TX inband emissions to have an effect on D2D operation and the need to model the UE TX inband emissions of a “typical” D2D/ProSe-enabled UE in the related system level simulations.

RAN1 decided to use the contributions in the UE TX minimal inband emission requirements from Table 6.5.2.3.1-1of TS 36.101 [1] for the modelling in the simulations. Compared to Table 6.5.2.3.1-1 of [1], modifications have been agreed for system level modelling purpose only in order to enable multi-cluster transmission as well as to model some “typical” UE TX inband emission instead of assuming a “worst” case UE only fulfilling the minimum inband emission requirements of [1].

The resulting model to be used in system level simulation only is shown in Table 1, where the red parts indicate the modifications to [1] including a “typical” UE and multi-cluster transmission.


As said, TS36.101 specifies only minimum requirements for in-band emissions. Every UE needs to meet minimum requirements to be 3GPP compliant. However, RAN1 did not ask minimum performance but typical performance instead. It can be said typical performance is better than the minimum requirements. This is simply due to the fact that in order to maintain yields over the process variations etc one needs to have some margin to minimum requirements. Then in practice each UE has different margin in product testing, some have for instance 0.1dB and some have more. D2D as such should not justify tightening of minimum in-band emission requirements. 

Proposal 1: D2D “typical” performance evaluation should not justify tightening of minimum in-band emission requirements.
2.2 Discussion for LS R1-134886

	R1-134886:

RAN1 discussed using SC-FDMA or OFDMA as the multiple access scheme for D2D communication and discovery and made a working assumption to use SC-FDMA. In order to decide on the working assumption, RAN1 would like input from RAN4 on the UE performance aspects related to:

1. Differences in cubic metric and in-band emissions between the two MA schemes and the impacts to the UE, for example relating to the PA

2. RAN4’s assumptions for a UE SC-FDMA receiver and possible differences in demodulation implementation margin that would result compared to the existing OFDMA receiver for the applicable SNR and payloads. Additionally, RAN1 would like to be informed of any other relevant receiver issues RAN4 sees.

Note that RAN1 is currently discussing whether one or more than one physical channel might be transmitted simultaneously from a given UE.


It was agreed that D2D SS comprises of at least PD2DSS and this should be based on Zadoff-Chu sequence similar to PSS in downlink LTE. The main motivation of reusing the design principle (if not the entirety of the design) of PSS in downlink LTE is to allow UEs to reuse the detection hardware implemented for LTE downlink and reduce UE implementation impact. The downlink PSS was designed for OFDMA which skips the DC subcarrier tone, whereas the SC-FDMA does not have any skipping tone and implements a ½ subcarrier shift. Thus if we were to directly apply the PSS sequence to be mapped in the frequency domain (without the DFT transform precoding), it would result in a different time domain sequence compared to PSS sequence sent over OFDMA. Furthermore, PSS sequence sent in SC-FDMA waveform (without the DFT transform precoding) results in higher cubic metric (CM) compared that with PSS in OFDMA. Figure 1 shows the cumulative distribution of CM of QPSK data symbols in SC-FDMA waveform and CM of downlink PSS sequences in OFDMA and SC-FDMA (without DFT transform precoding). We assumed that QPSK data symbols are sent in the center 6 RBs. It is also to be noted that UL DM RSs (without DFT transform precoding) and that are Zadoff-Chu sequences achieve CM ranging close to 0 dB up to 2.6 dB per transmission bandwidth. In other words, there are reference signal sequences used as UL DM RS sequences (depending on group number and base sequence within a group) that achieve lower CM than QPSK data symbols in SC-FDMA. Figure 2 shows the cumulative distribution of CM of SSS in OFDMA waveform. We can see that there are SSS sequences that show low CM (below 2.5dB).
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Figure 1. Cubic metric of QPSK data information in SC-FDMA and PSS in OFDMA and SC-FDMA waveform
[image: image2.emf]1 2 3 4 5 6 7 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Cubic Metric of SSS Sequence

cubic metric [dB]

CDF

 

 

SSS of subframe #0 in OFDMA

SSS of subframe #5 in OFDMA


Figure 2. Cubic metric of SSS in OFDMA waveform
Therefore, utilizing PSS in SC-FDMA means that we would be throwing out the very motivation to choose ZC sequence as the basis of PD2DSS and to choose M-sequence as the basis of SD2DSS , as we know that there are far better methods to design SS sequence that have low CM (e.g. computer generated).

Observation 1: PD2DSS/SD2DSS based on PSS/SSS in LTE downlink allows complete reuse of synchronization detection hardware for a UE and minimizes implementation impact.
Observation 2: UL DM RS sequences, that are Zadoff-Chu sequences and sent without DFT transform precoding, can achieve lower CM than QPSK data symbols in SC-FDMA. 
Proposal 2: At least PD2DSS/SD2DSS are OFDM based in D2D.
2.3 Discussion for LS R1-134930
	R1-134930:

AGC:

RAN1 is studying mechanisms for D2D discovery and communication.  Unlike LTE UL, there is no single point of reception (i.e. eNodeB) for D2D. As a consequence, D2D transmissions may not be power controlled to any single UE. This may potentially lead to significant received power variation from one time instant to another for a D2D UE. Hence, RAN1 would like to seek guidance from RAN4 on AGC settling time and receiver dynamic range for a typical UE. 

Frequency Error:

RAN1 is studying mechanisms for UEs that are out of the network coverage to communicate with each other. For this case of no network coverage, RAN1 is investigating methods for UEs to directly synchronize with each other. RAN1 would like guidance from RAN4 on what initial range of frequency offsets (before the synchronization) RAN1 should assume for a typical UE, and also the frequency stability to assume.


For AGC, the settling time and receiver dynamic range are dependent on UE implementation. Without loss of generality, 2 symbols of AGC setting time would be needed considering the delay of gain control execution. 
The maximum input power can be -25dBm for a UE referring to 36.101. However, it is unclear on the meaning “receiver dynamic range” in LS. In practise, the dynamic range of the receiver may depend on AGC implementation and ADC resolution, which is more implementation dependent.   
Proposal 3: 2 symbols of AGC setting time would be needed considering the delay of gain control execution.
3. Conclusions

In this paper, we provided some initial thoughts in response to RAN1 LSs. In addition, we have provided the following observations and proposals:
Observation 1: PD2DSS/SD2DSS based on PSS/SSS in LTE downlink allows complete reuse of synchronization detection hardware for a UE and minimizes implementation impact.
Observation 2: UL DM RS sequences, that are Zadoff-Chu sequences and sent without DFT transform precoding, can achieve lower CM than QPSK data symbols in SC-FDMA. 
Proposal 1: D2D “typical” performance evaluation should not justify tightening of minimum in-band emission requirements.
Proposal 2: At least PD2DSS/SD2DSS are OFDM based in D2D.

Proposal 3: 2 symbols of AGC setting time would be needed considering the delay of gain control execution.
It is expected that the group can take them into account for reply LSs along with input from other companies.
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