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1 Introduction
In meeting RAN2 #69, three proposals for Latency Reduction were proposed:
1) CB-PUSCH [1]
2) Shared D-SR [2]
3) CB-PUSCH+D-SR [3]
And, a liaison letter was also sent to RAN1 to clarify the detection performance for collided scenario. In this document, we discuss the pros and cons of the three proposals. We also have some simulations on the detection performance of the contention-based transmission scheme. Based on the simulation results of the collided scenarios, we further discuss the acknowledgement and retransmission options for contention-based (CB) transmission
2 Discussion on Latency Reduction Proposals
The CB-PUSCH scheme reduces the transmission latency by sending UL data directly without D-SR. The average latency is 4.5ms if no retransmission occurs. There would be some retransmission problems when collision occurs. The shared D-SR scheme has two options [2]. The option-1 of shared D-SR actually reduces the latency by shortening the SR cycle. The retransmission problems still remain when SR is collided. The option-2 of shared D-SR pre-assigns UE pairs for PUCCH 1a/1b so as to achieve zero collision. The pre-pairing seems unpractical if UL transmission occurs non-periodically. CB-PUSCH+D-SR can be considered as an enhanced version of CB-PUSCH scheme, where D-SR is used to identify UE if collision occurs. However, collided data would take longer time to retransmit.
In our understanding, the main problem of CB-PUSCH is the aftermath of collision. However, unlike conventional collision-based transmission, it is possible to correctly decode the data from CB-PUSCH even though more than 1 UE transmit simultaneously (Please refer to the simulation results in Appendix A). It is because of the cyclic-shifting property of pilot tones of CB-PUSCH. eNB performs channel estimation based on the received pilot tones and then performs data decoding. Since the pilot tones are cyclic shifted per UE, they can be correctly decoded when multiple pilot tones occupy the same resource block. Our simulation results show that, if the UL transmission load is controlled, the packet decoding performance is acceptable (e.g., PER = 10-2).
Proposal 1 CB-PUSCH is the baseline for Latency Reduction WI.

3 MAC Aspects of CB Transmission
In this section, we discuss MAC functions for CB transmission, including CB configuration, acknowledgement and retransmission. 

3.1 Configuration of CB-PUSCH
In CB transmission, a CB-PUSCH is allocated and shared among a group of CB UEs. Therefore, a specific RNTI, say CB-RNTI, is required for PDCCH signaling. CB transmission can be applied for multiple different applications, such as: TCP-ACK or gaming, it seems reasonable to have multiple CB groups within an eNB. Accordingly, there would be multiple CB-RNTIs if multiple CB groups are supported. 
Proposal 2 A CB-RNTI is assigned for a specific CB transmission group.

One way to reduce the collision probability in CB-PUSCH is to increase the CB transmission opportunities in the CB-PUSCH. That is, a UE that is intended to transmit UL CB data can randomly choose one transmission opportunity among all the granted opportunities in a TTI. To achieve this goal, there are three possible configuration options:

· Option-1: Multiple CB-PDCCH grants
· Option-2: A CB-PDCCH grant that carries multiple transmission opportunities explicitly 

· Option-3: A CB-PDCCH grant that carries multiple transmission opportunities implicitly
In Option-1, Rel-8/9 PDCCH can be applied directly. In Option-2, a new PDCCH format is required if explicit indication is used. In Option-3, UE implicitly derives the opportunities from a single PDCCH grant. For example, if a PDCCH allocates 18 PRBs and each CB grant unit is 6 PRBs, the UE can figure out that three opportunities are given. From the point of view of standardization effort, Option-1 is the easiest one but PDCCH overhead is a concern. Option-2 requires a new PDCCH format, which complicates PDCCH decoding operations. No new format is required for Option-3. If CB grant unit does not frequently change, Option-3 seems a reasonable solution.
Proposal 3 Multiple transmission opportunities are carried in a CB-PDCCH grant.
Proposal 4 The transmission opportunities are derived implicitly from the CB-PDCCH grant.
3.2 Acknowledgement for CB-PUSCH

In our understanding, there are two possible acknowledgement options:

· Option-1: PHICH-based acknowledgement

· Option-2: MAC CE-based acknowledgement

Option-1, PHICH-based acknowledgement, is a HARQ-like operation. As discussed above, more than one UL CB data can be successfully decoded even though they are transmitted simultaneously. Therefore, it seems inappropriate to use PHICH to indicate the acknowledgement because only 1-bit information (i.e., ACK or NACK) can be carried. As for option-2, a new MAC CE can be defined to carry the acknowledgement. If multiple UL CB data are decoded, those MAC CEs for acknowledgement can be aggregated into a single MAC PDU that is broadcasted to a group of CB UEs. Additionally, the timing between CB-PUSCH transmission and MAC CE acknowledgement needs some consideration. A fixed timing undoubtedly can have shorter latency in case of detection failure; however, the scheduling flexibility is low. Another possible alternative is to have a short window (similar to RA response window in Rel-8/9). It is a tradeoff between scheduling flexibility and signaling overhead.
Proposal 5 MAC CE is used to carry acknowledgement for CB-PUSCH transmission.

Proposal 6 It is suggested RAN2 to discuss the timing relationship between CB-PUSCH transmission and acknowledgement.
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Fig. 1: Example of broadcasted MAC CEs
3.3 Retransmission of CB-PUSCH

The retransmission can be conducted by 
· Option-1: HARQ retransmission

· Option-2: MAC retransmission on another CB

· Option-3: RLC retransmission. 
In RAN2 #68bis and #69, some contributions discussed the possibility to apply HARQ operation to increase the packet decoding performance. In case that a UL data is not decodable in the contention-based UL channel, there are two possible reasons: one is due to heavy contention and the other one is due to bad channel quality. Theoretically, the two different causes can be differentiated by power measurement. Unfortunately, the power measurement is not reliable and CB-PUSCH transmission is an open-loop operation which further downgrades the precision of power measurement.
For Option-2, the UE keeps the CB after transmission in the MAC layer. It will initiate retransmission by choosing another CB resource if no positive MAC CE acknowledgement is received. As for Option-3, the UE discards the CB data in MAC layer after initial transmission, and it initiates retransmission in RLC layer if no positive MAC CE acknowledgement is received. To further reduce the latency of RLC-layer retransmission, MAC layer can forward the acknowledgement information to RLC layer. For example, when negative MAC CE acknowledgement is received, the MAC layer informs RLC layer to initiate the retransmission.

During the retransmission, a random backoff scheme may be applied to reduce the collision probability. However, the backoff operation enlarges transmission latency, which contradicts the goal of Latency Reduction WI. And, it is our assumption that eNB may not grant CB-PUSCH resource in a periodical way. Random backoff scheme seems not a proper option for CB-PUSCH retransmission. Alternatively, eNB can allocate more UL transmission opportunities in a CB-PUSCH so as to reduce collision probability.

Proposal 7 It is suggested RAN2 to discuss the MAC or RLC retransmission for CB-PUSCH transmission.

Proposal 8 No random backoff operation is applied for CB-PUSCH transmission.
4 Conclusion

In this document, we investigate the decoding performance of CB-PUSCH. The simulation results show that the decoding performance is acceptable. Additionally, it is possible to decode the more than one UL data even though they are transmitted simultaneously. Based on the observations, we further discuss the MAC aspects of CB transmission. Detail proposals are listed:
Proposal 1 CB-PUSCH is the baseline for Latency Reduction WI.

Proposal 2 A CB-RNTI is assigned for a specific CB transmission group.

Proposal 3 Multiple transmission opportunities are carried in a CB-PDCCH grant.
Proposal 4 The transmission opportunities are derived implicitly from the CB-PDCCH grant.

Proposal 5 MAC CE is used to carry acknowledgement for CB-PUSCH transmission.

Proposal 6 It is suggested RAN2 to discuss the timing relationship between CB-PUSCH transmission and acknowledgement.

Proposal 7 It is suggested RAN2 to discuss the MAC or RLC retransmission for CB-PUSCH transmission.

Proposal 8 No random backoff operation is applied for CB-PUSCH.
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6 Appendix A [5]
The simulation parameters are listed in Table A1. In the simulations, two scenarios are considered:

1. DM-RS collision-free case: two contending UEs simultaneously transmit data in the same resource blocks and choose different cyclic shift values. 

2. DM-RS collision case: two contending UEs simultaneously transmit data in the same resource blocks but choose the same cyclic shift value. 

For the DM-RS collision-free case, Figure 2 shows the PER performance of UE1 and UE2 for the case with the number of receive antennas equalling 2. In the simulation, UE1 is detected first by treating UE2 as an interfering source, since UE1 has stronger power (UE1 power/UE2 power = 3dB). Next, UE2 is detected after the step of interference cancellation. Therefore, if UE1 is correctly decoded, UE2 looks like just experiencing an AWGN channel. As shown in the figure, the working point, at PER=1%, for UE1 and UE2 is in the SINR range from 2 to 2.5 dB. When the number of receive antennas increases to 4, 2.5-dB and 1.5-dB SINR improvements for UE1 and UE2, respectively, could be acquired, as shown in Figure 3. Figures 4 and 5 show the simulation results for the collision case. Expectedly, if DM-RS collision happens, both of the two UEs fail to be detected. 

[image: image2.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

10

-2

10

-1

SINR (dB)

PER

UE 1 (3km/hr)

UE 1 (120km/hr)

UE 2 (3km/hr)

UE 2 (120km/hr)

 [image: image3.emf]-4 -3 -2 -1 0 1

10

-2

10

-1

10

0

SINR (dB)

PER

UE 1 (3km/hr)

UE 1 (120km/hr)

UE 2 (3km/hr)

UE 2 (120km/hr)


Figure 2. PER performance for the collision-free case with 2RX.   Figure 3. PER performance for the collision-free case with 4RX.      
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Figure 4. PER performance for the collision case with 2RX.      Figure 5. PER performance for the collision case with 4RX.
Table A1. Simulation parameters.

	FFT size
	512

	Number of UEs
	2

	SIR (UE1 power/UE2 power)
	3 dB

	Number of used resource blocks
	2

	Number of UE antennas
	1

	Number of eNodeB antennas
	2 or 4

	Channel model
	TU-6

	Velocity of UE
	3 km/hr or 120 km/hr

	MCS
	ITBS = 5 (144 data bits, QPSK, 1/3 coding rate)

	Channel estimation
	1D-MMSE

	Receiver type
	MMSE+SIC

	Noise and interference estimations
	DM-RS based method






































































































































































































































































































































































































1/5

_1331453639.vsd
Text


CB grant


SCH


MAC CEs for CB acknowledgement


SCH


PDCCH for CB grant


DL i


DL i+1


UL i


UL i+1



