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Introduction
In Release 14 in the context of “Latency Reduction” Study Item, contention based uplink transmission was discussed and the solution description as well as the performance evaluation were captured in TR 36.881. In the “L2 latency reduction” Work Item, contention based uplink transmission was not included as one of the objectives given that some companies thought it had RAN1 impacts while “L2 latency reduction” Work Item was a pure RAN2 Work Item.
In this contribution, we will further discuss the necessity of contention based uplink transmission and propose to introduce this feature as TEI14.
Discussion
PUSCH resource waste problem
As analyzed in [1], with the introduction of 1ms SPS Periodicity, the UE has configured uplink PUSCH grant in every subframe. This certainly reduces the latency of the first UL transmission. However, for most traffics, data arrival interval is longer than 1ms, e.g. for gaming, the average data arrival interval is around 40ms. For IoT type applications, the data arrival could be even more infrequent even though latency requirement could be very strict to justify 1ms SPS interval. Then, UE will have no data available for transmission on many subframes with pre-allocated SPS resources. In other words, many pre-allocated PUSCH resources will be wasted. We can calculate the total amount of wasted PUSCH resources with different SPS periods using the following Formula: 
,												   	(1)
Wherein,  is the number of wasted PUSCH resources between two consecutive packet transmissions, is the average packets inter-arrival time and  is the SPS period. 

And accordingly, the PUSCH resource efficiency, which represents the ratio of PUSCH resources with packet transmission to total allocated PUSCH resources between two consecutive packet transmissions, can be calculated as follows:
  ,                                            (2)
Assuming  is 40ms, Figure 1 shows the wasted PUSCH resources  with different SPS periods, and Figure 2 shows the PUSCH resource efficiency with different SPS periods.

Figure 1: PUSCH resource waste with different SPS periods

Figure 2: PUSCH resource efficiency with different SPS periods
Observation 1: Shorter SPS period may lead to severe PUSCH resource waste and thus to very low PUSCH efficiency.

Contention based uplink transmission solution
Contention based uplink transmission mechanism is one promising solution to address the PUSCH resource waste problem illustrated in section 2.1.  

As captured in TR 36.881, the contention based PUSCH transmission scheme is featured with UE identification mechanism so that the eNB can identify the UEs when their transmissions collide. If the UE has available data to transmit and no collision happens, the initial transmission is identical with the existing PUSCH transmission. Nevertheless, when the initial transmission fails, the eNB needs to schedule the retransmission on a dedicated PUSCH resource to avoid the potential collision. If the UE has available data to transmit and collision happens, for each of the colliding UE, since the eNB can distinguish it, the eNB can either first respond by PHICH ACK to hold the uplink transmission and later schedule the retransmission on a dedicated PUSCH resource, or immediately schedule the retransmission on a dedicated PUSCH resource in order to avoid further collisions. A UE configured with contention based PUSCH transmission also needs to be configured with UL grant skipping if no available data to transmit to minimize the potential collision.

A solution for distinguishing the colliding UEs is DMRS-based UE identification. The eNB may allocate different DMRS sequences (i.e. different DMRS Cyclic Shifts) to different UEs that share the same PUSCH resource so that the eNB can identify the exact UE that performed the PUSCH transmission even if collision happens. The assignment of different DMRS sequences was also adopted for layer separation in UL-MIMO as well as UE separation in MU-MIMO. In the current specification, there are 12 different DMRS sequences. In some scenarios, the eNB may only use part of them (e.g. 4 out of 12) to maximize the orthogonality.
[bookmark: _GoBack]If the contention based PUSCH resource is assigned by dynamic scheduling, then there is no impact to the current specifications, as the DMRS Cyclic Shift can be provided by the DCI for uplink scheduling. If the contention based PUSCH resource is assigned during SPS activation, considering that the DMRS Cyclic Shift provided in the DCI for SPS activation is fixed to '000', RRC specification needs to be updated so that the eNB can provide the DMRS Cyclic Shift to the UE in SPS configuration.
Observation 2: To support contention based uplink transmission, changes to the current specifications are expected to be quite small. If contention based PUSCH resource is assigned by dynamic scheduling, then there is no impact to the current specifications. If contention based PUSCH resource is assigned during SPS activation, then only RRC specification will be impacted.

Performance evaluation
Following are the performance evaluation as captured in TR 36.881, where we assume that 4 different UEs share the same PUSCH resource.
[bookmark: _Toc456012996]Resource efficiency
Assuming the UE packet arrival rate is ‘a’, the collision probability from system perspective can be calculated as follow:
6*a^2*(1-a)^2 + 4*a^3*(1-a) + a^4 (i.e. probability for 2, 3 and 4 colliding UEs respectively)       (3)
Figure 3 illustrates the resource efficiency gain provided by contention based PUSCH transmission (compared to the pre-scheduling scheme allowed by current specifications for which UL grant is assigned every 1ms) and the corresponding collision probability with different UE packet arrival rates (i.e. 10% means in average one UL packet every 10ms). It is observed that the collision probability increases with the increase of UE packet arrival rate, and the resource efficiency gain decreases with the increase of collision probability. The radio efficiency gain is significant when the collision probability is low (e.g.<30%).
[image: ]
Figure 3: Resource efficiency gain and collision probability with different UE packet arrival rates
NOTE:	Even if collision happens, it is still possible for the eNB to successfully decode some or all of the PUSCH transmissions, if the colliding UEs have uncorrelated radio channels. In this case, no extra PUSCH resource is needed for the retransmission.
Observation 3: Compared to the pre-scheduling scheme allowed by current specifications, contention based PUSCH transmission can significantly improve the radio efficiency when the collision probability is low (e.g. <30%).
[bookmark: _Toc456012997]Uplink latency
Table 1 provides the latency analysis on contention based PUSCH transmission if no collision happens, assuming that the contention based PUSCH resource is provided by dynamic scheduling every 1ms. The analysis shows that the uplink data transmission can be achieved within 8.5ms. In case the contention based PUSCH resource is provided by SPS, the uplink latency will be shorter (e.g. 6.5ms) as the UE doesn’t need to receive and decode the UL grant on PDCCH.
Table 1: Uplink latency for contention based PUSCH transmission without collision (error free)
	Component

	Description

	Time 
[ms]

	1
	Average delay to TTI border
	0.5

	2
	eNB transmits UL Grant on PDCCH
	1

	3
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	4
	Transmission of UL data
	1

	5
	Data decoding and processing in eNB
	3

	
	Total delay
	8.5



If collision happens for contention based PUSCH transmission, the colliding UEs will suffer additional delay caused by the retransmission over dedicated PUSCH resource. The total uplink latency can be calculated as follow:

, where Pcollision is the collision probability        (4)
Assuming the UE packet arrival rate is ‘a’, the collision probability Pcollision from UE perspective can be calculated as follow:
1 - (1-a)^3                                             (5)
Figure 4 illustrates the uplink latency of contention based PUSCH transmission and the corresponding collision probability with different UE packet arrival rates (i.e. 10% means in average one UL packet every 10ms). It is observed that the collision probability increases with the increase of UE packet arrival rate, and the uplink latency increases with the increase of collision probability. In case of low collision probability (e.g. 10%), the increased uplink latency is marginal and the total uplink latency is only 9.3ms. If the contention based PUSCH resource is provided by SPS, the total uplink latency will be even shorter (e.g. 7.3ms) in this case.
[image: ]
Figure4: Uplink lantecy and collision probability with different UE packet arrival rates
NOTE:	Even in case collision happens, it is still possible for the eNB to successfully decode some or all of the PUSCH transmissions, if the colliding UEs have uncorrelated radio channels. In this case, there is no additional uplink latency.
Observation 4: For contention based PUSCH transmission, the increased uplink latency due to collision is marginal if the collision probability is low (e.g. 0.8ms if the collision probability is 10%) and the maximum value is 8ms, assuming PUSCH resources for adaptive HARQ retransmission are available for all colliding UEs.
Conclusion
[bookmark: OLE_LINK3]In this contribution, we first discussed the PUSCH resource waste problem caused by short SPS period. We then discussed the details of the contention based PUSCH transmission solution. We also provided the performance evaluation on resource efficiency and uplink latency. We have the following observations:
Observation 1: Shorter SPS period may lead to severe PUSCH resource waste and thus to very low PUSCH efficiency.

Observation 2: To support contention based uplink transmission, changes to the current specifications are expected to be quite small. If contention based PUSCH resource is assigned by dynamic scheduling, then there is no impact to the current specifications. If contention based PUSCH resource is assigned during SPS activation, then only RRC specification will be impacted.
Observation 3: Compared to the pre-scheduling scheme allowed by current specifications, contention based PUSCH transmission can significantly improve the radio efficiency when the collision probability is low (e.g. <30%).
Observation 4: For contention based PUSCH transmission, the increased uplink latency due to collision is marginal if the collision probability is low (e.g. 0.8ms if the collision probability is 10%) and the maximum value is 8ms, assuming PUSCH resources for adaptive HARQ retransmission are available for all colliding UEs.

And we have the following proposal:
Proposal: Introduce contention based PUSCH transmission in Rel-14, for which different UEs that share the same PUSCH resources use different DMRS cyclic shifts configured via RRC.
The corresponding 36.331 CR is provided in [3].
The minor change to the physical layer specifications is in 36.211 where the DMRS cyclic shift is currently limited to DCI signalling and upper layer configuration can be added as follows:


“…for non-BL/CE UEs  is configured by upper layers or given by the cyclic shift for DMRS field in most recent uplink-related DCI 3GPP TS 36.212 [3] for the transport block associated with the corresponding PUSCH transmission where the value of   is given in Table 5.5.2.1.1-1
RAN2 should send an LS to RAN1 for them to update the 36.211 accordingly.
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