3GPP TSG RAN WG1 Meeting #86bis
R1-1610037
Lisbon, Portugal 10th - 14th October 2016
Source:
NTT DOCOMO
Title:
Multiple SPS support for sidelink and uplink V2X
Agenda Item:
 7.2.1.1.1
Document for: 
Discussion and Decision
1. Introduction
In RAN1#86, DCI design for UL and SL SPS was discussed and necessity of SPS configuration indicator identified [1]. As multiple SPS configurations can be activated for a given time, efficient and reliable switching mechanism is necessary. In this contribution, we discuss the design principle of SPS for UL and SL.
	Sidelink SPS DCI

SPS scheduling is postponed to V2X work item, e.g.: 

· For SPS, the following are included in the DCI in addition to the content of the DCI for dynamic scheduling:

· SPS configuration indicator 

· FFS whether this can indicate more than 1 SPS configuration

· SPS activation / release indicator
Uplink SPS DCI

Agreements: 

· A SPS RNTI for V2X over Uu is necessary.

· FFS whether this SPS RNTI is specific to V2X or can be the same as the legacy SPS C-RNTI

· A DCI format 0 for V2X scrambled by the SPS RNTI for V2X is used to activate or update the SPS.

· Both explicit release and an implicit release mechanism for SPS over Uu are supported (details FFS).

· Explicit signaling from the UE to the eNB (ask RAN2 if they can design the appropriate signalling, e.g. using a MAC CE) can be used to indicate to the eNB when activation/update/release is desired.

· For activation, a “desirable time offset” (e.g. relative to SFN0) is included

· When the period is to be changed, the UE notifies the eNB with the new period

· Multiple SPS configurations can be active at the same time.

· An indicator(s) in DCI format 0 (e.g. SPS index or an indicator mapped to SPS index) is used to differentiate SPS configurations.

· FFS whether existing field(s) (e.g. TPC for PUSCH) is reused or a new field is added

· FFS whether each SPS configuration is always activated/released by a separate DCI or whether multiple SPS configurations can be activated or released by a single DCI.

· In the event of a resource conflict between SPS configurations, only one transmission can occur

· RAN1 leaves it up to RAN2 to determine any possible mechanism for resolving resource conflicts between SPS configurations


2. Number of necessary DCIs on traffic pattern update
According to RAN2 discussion, SPS scheduling interval is higher layer configured per SPS configuration index [2]. It is assumed that at least two SPS configurations need to be activated at a given time to emulate the traffic pattern of CAM. Once eNB decides to change the transmission interval, eNB needs to de-activate two active SPS configurations for the CAM message and activate another two SPS configurations. So there is fundamental question whether independent DCI indications are necessary for the de-activations and activations.
For de-activation and activation of different SPS configurations, do we need to send separate DCIs?

Alt. 1: Yes

Considering that two SPS configurations with different message size can be used for a CAM message, total 4 DCIs need to be transmitted for a CAM interval change. If a set of SPS configuration switch is achieved by 4 DCI transmissions, the aggregate miss-detection probability for the SPS configuration switch will increase.
Alt. 2: No

A SPS process index is indicated by the DCI. DCI activating new SPS configuration for a given SPS process also de-activates previous SPS configuration associated to the SPS process. Number of SPS configuration(s) for a SPS process is FFS. One or two SPS configuration associated to a SPS process will be sufficient considering that two SPS configurations can be associated to one sidelink logical channel or PPPP according to RAN2 discussion. Since maximum two SPS processes are supported for UE autonomous resource allocation, maximum two CAM messages can be transmitted in parallel by UE autonomous resource allocation. Since single CAM message can be managed by two SPS configurations for eNB scheduled SPS, maximum four active SPS configurations need to be managed for eNB scheduled SPS. If SPS configurations are handled per SPS process, maximum SPS process of two (two SPS configurations per SPS process) or four (one SPS configurations per SPS process) will be sufficient. It is also possible to have a SPS process index associated to a SPS configuration or a SPS-RNTI by RRC signaling. In that case SPS process index is implicitly indicated by a SPS DCI. The implicit releasing based on SPS process is also beneficial to avoid the case when understanding of allocated resource by active SPS configurations is different between eNB and UE. Such miss-alignment can be initiated by miss-detection of SPS DCI and its impact can be accumulated if SPS process management is not supported. 
Considering that additional one or two bits for SPS process management halves the number of DCI transmissions, implicit SPS release based on SPS process (Alt. 2) is beneficial. Necessary new contents for sidelink and uplink SPS is summarized in Table I. We also consider counter based implicit release is necessary for sidelink. For uplink, similar mechanism is already supported by the counter based on consecutive MAC PDUs each containing zero MAC SDUs. Further detail of counter based implicit release will be up to RAN2. Implicit release mechanism based on SPS process will reduce the probability of miss-alignment and counter based implicit release will limit the impact of miss-alignment if it happens.

Observation 1: If SPS process index is indicated by SPS DCI, single DCI can indicate switching of SPS configuration. 
Proposal 1: SPS process index is explicitly or implicitly indicated by SPS DCI for SL and UL SPS.
Proposal 2: For SL and UL SPS, a SPS configuration(s) associated to a SPS process overwrites previous SPS configuration(s) for the same SPS process, i.e., previous SPS configuration(s) is implicitly released.

· Alt. 1: Single SPS configuration can be active for a SPS process

· Alt. 2: Two SPS configurations can be active for a SPS process

· FFS: Whether two SPS configurations are always indicated by a SPS DCI
Proposal 3: Counter based implicit release is supported for sidelink SPS. Further detail is up to RAN2.

Table I: Necessary new contents for SL/UL V2X SPS
	
	Candidate contents
	Necessity for SL SPS

	New contents
	SPS config. index
	Yes (3 bits per SPS configuration)

	
	Activation/de-activation indicator
	Yes (1 bit per SPS configuration)

	
	SPS process index
	Implicitly or explicitly (Can be higher layer configured per SPS configuration or SPS RNTI)


3. Necessary contents for SL and UL SPS
For the design of DCI for SPS, following two aspects needs to be discussed
1. How much bits are needed to indicate SPS related information? (E.g., SPS configuration index)
2. How many indicators in the dynamic resource allocation are reused for SPS? (how much information should be dynamically indicated?)
Q1: How much bits are needed to indicate SPS related information? (E.g., SPS configuration index)

We consider that minimum set of contents for SPS DCI is that SPS configuration index and SPS activation/de-activation indicator. As discussed in section 2, SPS process indicator can be implicitly indicated. Assuming maximum 8 SPS configurations as discussed in RAN2, 3 bits are needed for SPS configuration index and 1 bit is needed for activation/de-activation flag. Total 3 bits are mandatory component for both uplink and sidelink SPS. For the remaining contents of DCI, we consider independent design is possible for uplink and sidelink.
Observation 2: For uplink and sidelink SPS, at least 4 bits are necessary to indicate SPS configuration index and activation/de-activation flag.

Q2: How many indicators in the dynamic resource allocation are reused for SPS?

Firstly, we consider DCI size for SPS is same as that for dynamic resource allocation. It is already agreed for uplink to use a DCI format 0 for V2X scrambled by the SPS RNTI for UL SPS in order to avoid additional blind detection. It is straightforward to assume the same DCI size between dynamic resource allocation and SPS for sidelink. Some of the existing indicator can be reused if some dynamic indication is necessary for SPS.
Proposal 4: The DCI length is the same as DCI format 5A configured for PC5-based V2X of the UE.
Observation 3: Some of the existing indicator for dynamic resource allocation can be reused if necessary.

Sidelink SPS DCI

For sidelink, we consider CIF and data resource size in the DCI Format 5A can be higher layer configured per SPS configuration. On change of transmission carrier and/or message size, switching of SPS configuration or RRC reconfiguration will be triggered. As frequency resource size and location for PSSCH are jointly indicated for dynamic resource allocation and its payload is 0 to 8 bits. Reuse of the indication is not possible in some cases. However, zero padded bits can be utilized in such case.

For the remaining part of the DCI format 5A is for indication of time/frequency resource index. Although some dynamic indication is beneficial for orthogonal resource allocation among UEs, full flexibility may not be necessary because eNB has limited knowledge on sidelink channel condition. eNB will be only aware of UE location based on UE report. Regarding the subframe location of initial transmission, existing implicit indication can be reused.
Observation 4: For SL SPS, CIF and frequency resource size can be higher layer configured per SPS configuration.

Proposal 5: For SL SPS, CIF and data resource size is higher layer configured per SPS configuration.
Observation 5: For SL SPS, full flexibility on time/frequency resource allocation may not be necessary considering limited knowledge of sidelink channel condition at eNB.

Table II: Necessary contents in dynamic resource allocation for SL V2X SPS
	
	Candidate contents
	Necessity for SL SPS

	Contents 
in dynamic resource allocation
	CIF
	No (Higher layer configured per SPS configuration)  (3 bits)

	
	Lowest index of the subchannel allocation
	FFS (Can be higher layer configured per SPS configuration)
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	Frequency location
	FFS (Can be higher layer configured per SPS configuration)
	

	
	Time gap between initial transmission and retransmission
	FFS (Can be higher layer configured per SPS configuration. Full flexibility may not be necessary) (4 bits)

	Others
	Subframe of initial transmission
	FFS (Implicitly or explicitly, full flexibility may not be necessary)


UL SPS DCI

For UL SPS, we consider dynamic indication in the DCI format 0 should be kept as much as possible. Regarding the MCS, it would be beneficial if MCS can be adjusted according to the observed BLER. However, higher MCS may not be needed for V2X operation, e.g., exclude the higher MCS region for SPS and 4 bits are used for MCS indication. Frequency resource size will be adjusted accordingly. Regarding the time/frequency resource location, although full flexibility may not be necessary for V2X operation, the flexibility is beneficial to protect the flexibility of non-V2X operation. Therefore we consider that TPC command (2 bits) and cyclic shift DM-RS (3 bits) will be a good candidate for SPS configuration indication. CSI request field is also possible candidate. If other fields cannot be utilized for SPS operation, level of validation of activation/de-activation using multiple fields will be degraded and reliability of DCI can be worse than existing UL SPS. Therefore, reliability should be further discussed.
Observation 6: For UL SPS, MCS, TPC command, cyclic shift for DMRS and CSI request can be utilized for indication of new contents.

Table III: Necessary contents in dynamic resource allocation for UL V2X SPS
	
	Candidate contents
	Necessity for UL SPS

	Contents of dynamic resource allocation
(optional field is not listed)
	Flag for format0/format1A differentiation
	Yes (1 bit)

	
	Frequency hopping flag
	Yes (1 bit)

	
	Resource block assignment and hopping resource allocation
	Yes (
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	MCS and redundancy version
	Yes (5 bits, full flexibility may not be necessary)
e.g., 4 bit for MCS indication 

	
	NDI
	Set to zero (1 bit)

	
	TPC command
	No (2 bits)

	
	Cyclic shift for DM RS and OCC index
	No (3 bits)

	
	CSI request
	No (second priority) (1, 2 or 3 bits)

	Others
	Subframe of UL transmission
	FFS (Implicitly or explicitly)


4. Single or multiple SPS configurations in a SPS DCI
As discussed in section 2, two SPS configurations can be activated for a CAM message and it is beneficial if two SPS configuration can be carried by a SPS DCI. If it is possible, CAM transmission interval change can be indicated by a single SPS DCI. We propose to decide how many SPS configurations can be carried by a DCI after discussing necessary contents for sidelink and uplink SPS DCI. At least for SLS SPS, two SPS configuration can be indicated by a single DCI if some physical parameter for SPS is higher layer configured per SPS configuration.
Observation 7: For UL SPS, single SPS configuration can be indicated by a SPS DCI.

Observation 8: For SL SPS, single or two SPS configuration can be indicated by a SPS DCI.

5. Conclusion
In this contribution, we discuss the mechanism to support multiple SPS configuration controlled by eNB for uplink and slidelink. Observations and proposals are summarized in the following.
· Observation 1: If SPS process index is indicated by SPS DCI, single DCI can indicate switching of SPS configuration.
· Observation 2: For uplink and sidelink SPS, at least 4 bits are necessary to indicate SPS configuration index and activation/de-activation flag.
· Observation 3: Some of the existing indicator for dynamic resource allocation can be reused if necessary.
· Observation 4: For SL SPS, CIF and frequency resource size can be higher layer configured per SPS configuration.
· Observation 5: For SL SPS, full flexibility on time/frequency resource allocation may not be necessary considering limited knowledge of sidelink channel condition at eNB.
· Observation 6: For UL SPS, MCS, TPC command, cyclic shift for DMRS and CSI request can be utilized for indication of new contents.
· Observation 7: For UL SPS, single SPS configuration can be indicated by a SPS DCI.
· Observation 8: For SL SPS, single or two SPS configuration can be indicated by a SPS DCI.
· Proposal 1: SPS process index is explicitly or implicitly indicated by SPS DCI for SL and UL SPS.
· Proposal 2: For SL and UL SPS, a SPS configuration(s) associated to a SPS process overwrites previous SPS configuration(s) for the same SPS process, i.e., previous SPS configuration(s) is implicitly released.
· Alt. 1: Single SPS configuration can be active for a SPS process

· Alt. 2: Two SPS configurations can be active for a SPS process

· FFS: Whether two SPS configurations are always indicated by a SPS DCI

· Proposal 3: Counter based implicit release is supported for sidelink SPS. Further detail is up to RAN2.
· Proposal 4: The DCI length is the same as DCI format 5A configured for PC5-based V2X of the UE.
· Proposal 5: For SL SPS, CIF and data resource size is higher layer configured per SPS configuration.
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