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1 Introduction
During the last meeting of RAN2#91, the following agreements on latency reduction were achieved [1]:
	Agreements
1
It is beneficial to allow UEs to skip (most) dynamic and configured uplink transmissions if no data is available for transmission (the UE still sends the regular MAC CE, if any). The eNB may enable this by RRC dedicated signalling.

2
A shorter SPS interval (1 TTI) should be supported.



A shorter SPS interval enables faster uplink data transfers, but can lead to high pressure and, sometimes, inefficient utilization of radio resources. In this contribution, we discuss issues with shorter SPS intervals and a potential solution for supporting multiple users to share the same set of SPS resources.
2 SPS with shorter intervals
Uplink SPS eliminates the SR procedure and further UL grants for the duration of an active SPS configuration. When a UE is configured and activated for SPS, the eNB reserves radio resources at specified SPS intervals for the UE to perform uplink data transmissions. A shorter SPS interval, such as 1 TTI, enables a UE to transmit uplink data more frequently and thus is beneficial for reducing uplink latency. For a given active SPS duration, a shorter SPS interval, however, causes more radio resources to be assigned to only one UE; even when the UE has no data to transfer in certain subframes, the SPS resources cannot be used by other UEs. When many UEs require low latency transfers at the same time, the eNB faces significant resource pressure to accommodate their SPS configurations and, for each assigned SPS resource set, high levels of under-utilization may also occur due to diverse UE traffic patterns.
In terms of latency reduction, a shorter interval for downlink SPS has much less benefit than that for uplink SPS, but incurs the same level of resource overhead. Therefore, we propose supporting a shorter SPS interval (e.g., 1 TTI) for only uplink transmissions. 

Proposal 1: Support a shorter SPS interval (1 TTI) for only uplink transmissions.
3 Supporting MU-MIMO in uplink SPS transmissions
To reduce the resource overheads in uplink SPS with a shorter interval, we consider having multiple UEs share the same SPS resource set. Collision occurs when two or more UEs use the same resource set to transmit data in the same subframe. If different UEs sharing the same SPS resource set are configured to use different DMRS cyclic shifts, then the eNB can either correctly decode the UE data or at least determine which UEs have sent data by DMRS detection based on the cyclic shifts configured for this SPS set. Knowing which UEs have sent data but failed decoding at the eNB, the eNB can choose to send dedicated uplink grants to these UEs to avoid further collisions.
The available DMRS cyclic shift indices range from ‘000’ to ‘111’, so only eight different DMRS sequences are available. If the UEs sharing the same SPS set are stationary or exhibit low mobility, then two orthogonal cover codes (OCC), combined with the eight cyclic shifts, could be used for further DMRS separation, providing a total of 16 different sequences. The total number of DMRS sequences determines the maximum number of UEs that the eNB can uniquely distinguish. Preferably, the eNB would configure no more than this number of UEs to share the same SPS resource set to simplify collision handling and limit its impact on UE uplink latencies.

Collision should also be avoided as much as possible because it adds extra delays. When the eNB fails to decode UE data due to a collision in subframe N, the UE can only retransmit at the earliest in subframe N+4. To reduce collision probability, the eNB could configure multiple SPS resource sets and distribute UEs to them. Such distribution could be based on traffic types, frequency resource requirements, transmission power, and so forth. Figure 1 shows an example where six UEs are equally distributed to two SPS resource sets and their activities as time proceeds from left to right (SPS-config RRC signaling is omitted).
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	Figure 1. Illustration of multiple users sharing the same SPS resources.


In current SPS, the cyclic shift for DMRS in the DCI is always set to ‘000’, which could be used for SPS activation or release DCI validation purposes as shown in Figure 2. We can keep this part of the design unchanged, but add a new field in the SPS-config IE to convey the DMRS cyclic shift that the eNB configures the UE to use. When configuring multiple UEs to share the same uplink SPS resources, the eNB assigns a different DRMS cyclic shift to each UE. For UEs that are stationary or with low mobility, the new field in the SPS-config IE could convey one more bit to indicate the OCC that the UE should use. As mentioned earlier, the OCC and cyclic shift combinations allow the eNB to distinguish up to 16 UEs. 
		DCI format 0


	TPC command for scheduled PUSCH
	set to '00'


	Cyclic shift DM RS

	set to '000'

	Modulation and coding scheme and redundancy version

	MSB set to '0'

	HARQ process number

	N/A


	Modulation and coding scheme

	N/A


	Redundancy version

	N/A



	
	DCI format 0
TPC command for scheduled PUSCH
set to '00'

Cyclic shift DM RS

set to '000'

Modulation and coding scheme 
and redundancy version
set to '11111'

Resource block assignment and 
hopping resource allocation

set to all '1's
HARQ process number
N/A
Modulation and coding scheme
N/A
Redundancy version
N/A
Resource block assignment
N/A



	(a) SPS activation.
	(b) SPS release.

	Figure 2. DCI format 0 for SPS activation and release.


Proposal 2: Support MU-MIMO for UL SPS.
Proposal 3: Include PUSCH DMRS cyclic shift and OCC in the RRC UL SPS configuration IE.
The current LTE system supports implicit release of uplink SPS. The MAC entity shall clear the configured uplink grant on the SPS resources immediately after implicitReleaseAfter number of consecutive new MAC PDUs, each containing zero MAC SDUs provided by the Multiplexing and Assembly entity. Currently, the maximum number of implicitReleaseAfter is 8. If multiple UEs share the same SPS resources, the condition for triggering an implicit release should be changed to avoid pre-mature release when certain UEs are still actively transmitting. The simplest solution is to add an “infinite” value to the field implicitReleaseAfter in the SPS-config IE. When configuring uplink SPS for a UE, the eNB can set the “infinite” value, effectively disabling implicit release, and use explicit release only. 
Proposal 4: Implicit release can be disabled for UL SPS with periodicity of 1 TTI.
4 Conclusion

SPS with 1-TTI intervals can help reduce latencies, especially for uplink data transfers. However, it can also introduce significant resource overheads. To address this problem, one approach is to allow multiple UEs to share the same SPS resources. To handle collisions, the eNB can configure each UE with a different cyclic shift and OCC for PUSCH DMRS such that it can distinguish among multiple UEs. Based on the discussion, we make the following proposals:
Proposal 1: Support a shorter SPS interval (1 TTI) for only uplink transmissions.
Proposal 2: Support MU-MIMO for UL SPS.
Proposal 3: Include PUSCH DMRS cyclic shift and OCC in the RRC UL SPS configuration IE.
Proposal 4: Implicit release can be disabled for UL SPS with periodicity of 1 TTI.
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