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1. Introduction

It has been agreed in the RAN2#68bis meeting that only 1 UL SPS grant and 1 DL SPS grant can be configured per UE. In this contribution, the topic is further studied with main focus on SPS C-RNTI allocation, SPS grant configuration and reconfiguration, relationship between SPS and Dynamic Scheduling (DS) and interaction between SPS and Logical Channel Prioritisation (LCP). This contribution discusses these issues and provides our view.

2. Discussion
2.1 SPS C-RNTI allocation

The SPS C-RNTI is used to uniquely identify SPS grant of a UE. Taking into account the agreement that only one UL and DL SPS grant is configured per UE for LTE-A, it is natural that only one SPS C-RNTI is needed per UE. This is also inline with previous agreement about one C-RNTI per UE. 
Proposal 1:  only one SPS C-RNTI is allocated per UE.

2.2 SPS grant configuration

In R8, SPS configuration consists of the following:

· SPS C-RNTI and SPS period

· Detail resource for SPS grant

The SPS C-RNTI and SPS period is sent on the RRC message while the resources for UL/DL SPS is granted using the PDCCH. In CA, besides the above, it is not yet clear on which DL/UL CC the SPS resource is configured. However, it is clear that SPS grant should be configured on an active CC. One possible option is that the SPS grant is configured on UL/DL PCC since it is always active. This option will limit the frequency diversity gain and impact the scheduling flexibility since we can only consider other resource for SPS during PCC change. It is not optimal, at least for scenario when the radio condition of PCC is poor or when scheduling resource is scarce. For these scenarios, it is better to configure or reconfigure SPS grant to any active CC. 
Proposal 2: Discuss the two options for SPS configuration:
· Option 1: SPS grant can only be configured on PCC

· Option 2: SPS grant can be configured on any active CC 
If Option 1 of Proposal 2 is selected as the way forward, UL/DL PCC is known to the UE and it presents no issue on where the SPS configuration shall be applied.  The only issue is whether the SPS resource configuration can be sent on any PDCCH that the UE is monitoring or just the PDCCH where the UL/DL PCC is linked. The main benefit on being able to send on any PDCCH is that the eNB can distribute the PDCCH load.  However, since sending on any PDCCH does not seem to involve any additional complexity, it is proposed that PDCCH for SPS resource configuration can be sent in any active DL CC. CIF may or may not be used 
Proposal 3: If Option 1 (SPS grant can only be configured on PCC) is agreed, PDCCH for SPS resource configuration can be sent in any activated DL CC. CIF may or may not be used.
If Option 2 of Proposal 2 (SPS grant can be configured on any active CC) is selected as the way forward, there are two options to indicate the CC for SPS resource:

· Option A: Indicated by RRC message explicitly
· Option B: Indicated by PDCCH transmission
For Option A, UL/DL CC indication can be sent along with other SPS parameters in RRC message. Then PDCCH over SPS C-RNTI only indicates the SPS resource allocation. The main drawback of this option is that the RRC message is always needed if SPS resource needs to be re-allocated on another CC, which negates much of the benefit of option 2 (SPS grant can be configured on any active CC).
For Option B, PDCCH transmission is used to identify the UL/DL CC that the SPS resource allocation is applicable implicitly:
· If CIF is not used, DL SPS resource allocation is configured on the same DL CC as the PDCCH transmission. For the UL SPS resource allocation, it will be based on SIB 2 based linking or the UE based linking depending on the outcome of the discussion on UL grant linkage. 
· If CIF is used, the CIF in the PDCCH indicates the UL/DL CC for the SPS grant. 
Hence, if Option 2 of Proposal 2 is selected as the way forward, we have the following proposal:
Proposal 4: For Option 2 of proposal 2 (SPS grant can be configured on any active CC), discuss and agree between the two options on SPS configured CC indication: 

· Option A: explicitly indicated by RRC message

· Option B: using PDCCH - either implicitly indicated by the CC as PDCCH transmission or usingCIF if used.

2.3 SPS grant reconfiguration
Although SPS is designated for specific service with constant rate and period, but we can not exclude such a possibility to change resources to be used for the SPS grant., As discussed in section 2.2, when the current SPS resource is not good enough to satisfy the intended service, we can consider changing the SPS resource allocation. For example, change to different SPS resource on the same or even different CC. There are two possibilities for SPS resource re-allocation listed as below:
· Reconfiguration of SPS resource allocation on the same CC

· Reconfiguration of SPS resource allocation to different CCs (applicable only to Option 2 of Proposal 2)
The reconfiguration of SPS resource allocation on the same CC and different CC can be done following the SPS configuration in section 2.2. PDCCH addressed to SPS C-RNTI can be used for the re-allocation of SPS resources.  Re-transmission of the SPS transmission prior to the resource re-configuration can continue as though the resource re-configuration has not been performed. 

Proposal 5: PDCCH addressed to SPS C-RNTI can be used for the re-allocation of SPS resources on the same or different CC.
Proposal 6: Re-transmission of the SPS transmission prior to the resource re-configuration can continue using the old resource configuration.

2.4 Relationship between SPS and DS
In R8, receiving the PDCCH over C-RNTI at the SPS time slot, the configured SPS grant will be overridden by this DS grant in this TTI. This overriding is only valid in the current SPS time slot and UE will resume to the configured SPS grant in the following SPS time slot. In LTE-A, this overriding mechanism where DS grant and configured SPS grant occurs at the same TTI can be applied only on the same CC where SPS grant is configured or applied on any CC.
It would be beneficial to have the flexibility to provide DS grant override on any CC, and the DS grant will have mechanisms for cross carrier scheduling anyway.

Proposal 7: Discuss and decide on whether DS grant for the C-RNTI can override the SPS grant on any CC or only on the SPS CC 
2.5 Interaction between SPS and LCP

In LTE, only one TB will be generated in one TTI for non-MIMO case. The SPS grant is allocated per UE in Rel-8. The data to be transmitted from different bearers is selected according to the UL rate control procedure. This is reasonable because UE has only one grant in that TTI (either SPS or DS grant) and has to serve all services with data to be transmitted. 
The simplest approach for CA is to follow the Rel-8 principles that resource allocation is done strictly based on logical channel priority.  

However, in CA concept, the UE may receive multiple grants for the different CCs for the same TTI. In this scenario, it may be beneficial to limit the SPS grant to the services such as VoIP, which has characteristics of small data transmission periodically. If the SPS grant is limited to the data transmission from certain services, MCS and HARQ parameter corresponding to the SPS transmission can be set according to SPS intended service features.
Data for other services can be sent in other CCs. It is clear that SPS resource efficiency can be increased by limiting the SPS grant to the data transmission from a certain service but at the expense of additional complexity in terms of a set of rules on prioritisation based on SPS/DS grant, and data available for the SPS and other bearers.  Note also that we should still have the possibility of DS grant override of the SPS grant.
Proposal 8: Discuss how to use LCP when the SPS grant is configured::

· Option 1: Follow rel-8 behaviour of resource allocation between bearers strictly based on UL rate control irrespective of SPS or DS grant.
· Option 2: SPS grant is limited to the data transmission from certain radio bearers and additional DS grant will apply for other RBs (DS grant override should still be possible)
3. Conclusion

It is requested that RAN 2 discuss the following proposals:
Proposal 1:  only one SPS C-RNTI is allocated per UE.
Proposal 2: Discuss the two options for SPS configuration:
· Option 1: SPS grant can only be configured on PCC

· Option 2: SPS grant can be configured on any active CC 
Proposal 3: If Option 1 (SPS grant can only be configured on PCC) is agreed, PDCCH for SPS resource configuration can be sent in any activated DL CC. CIF may or may not be used.
Proposal 4: For Option 2 of proposal 2 (SPS grant can be configured on any active CC), discuss and agree between the two options on SPS configured CC indication: 

· Option A: explicitly indicated by RRC message

· Option B: using PDCCH - either implicitly indicated by the CC as PDCCH transmission or usingCIF if used.
Proposal 5: PDCCH addressed to SPS C-RNTI can be used for the re-allocation of SPS resources on the same or different CC.
Proposal 6: Re-transmission of the SPS transmission prior to the resource re-configuration can continue using the old resource configuration.
Proposal 7: Discuss and decide on whether DS grant for the C-RNTI can override the SPS grant on any CC or only on the SPS CC
Proposal 8: Discuss how to use LCP when the SPS grant is configured:
· Option 1: Follow rel-8 behaviour of resource allocation between bearers strictly based on UL rate control irrespective of SPS or DS grant.
· Option 2: SPS grant is limited to the data transmission from certain radio bearers and additional DS grant will apply for other RBs (DS grant override should still be possible)
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