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1	Introduction
The basic SPS support for sTTI has been agreed by RAN1 and lately also as part of the RAN1 email discussion [1], where the related agreements can be noted as:
	Agreement:
SPS validation of activation/release of assignment for sPDSCH/sPUSCH is supported.

	Agreement: 
UE shall monitor at least sPDCCH of sTTI#1 to #5 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH. 
· FFS UE shall monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.

	Agreement: 
The SPS intervals for sPDSCH/sPUSCH can be 1 sTTI minimally and 40ms maximally 
· FFS on exact list of SPS intervals

	Agreement: 
In case of collision between SPS PUSCH and SPS sPUSCH in the same subframe on a given carrier, The UE shall transmit SPS sPUSCH transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmitted via SPS sPUSCH. 
· CSI of SPS PUSCH is dropped.

	Agreement: 
In case of collision between SPS PUSCH and non-SPS sPUSCH in the same subframe on a given carrier, the UE shall transmit non-SPS sPUSCH transmission and drop/stop SPS PUSCH transmission. 
· HARQ-ACK of SPS PUSCH is transmitted via non-SPS sPUSCH. 
· CSI of SPS PUSCH is dropped
FFS on collision handling between SPS PUSCH and non-SPS sPUCCH in the same subframe on a given carrier

	Agreement: 
In case of collision between non-SPS PUCCH and SPS sPUSCH in the same subframe on a given carrier, the UE shall transmit SPS sPUSCH transmission and drop/stop non-SPS PUCCH transmission
· HARQ-ACK of non-SPS PUCCH is transmitted via SPS sPUSCH. 
· CSI of non-SPS PUCCH is dropped.

	Agreement:
A UE shall validate a SPS assignment control channel for sPDSCH/sPUSCH if at least all the following conditions are met: 
· the CRC parity bits obtained for the control channel payload are scrambled with the Semi-Persistent Scheduling C-RNTI,
· the new data indicator field is set to '0'.
· FFS other conditions

	Agreement:
The 2-bit SPUCCH resource indication field is used to indicate one of the four resources/resource groups configured by higher layer as the sPUCCH resource for HARQ-ACK feedback to SPS sPDSCH.



In this document, we discuss the remaining RAN1 issues of SPS operation for shorter TTI based on the email discussion [1]. 

2	 Remaining details of sTTI SPS in general
2.1 Monitoring for sDCI scrambled with SPS-RNTI
It has been agreed to support the monitoring in sTTI#1 to sTTI#5. As pointed out also by some companies in the email discussion, there is no reason to not enable the activation/deactivation also when the UE monitors sDCI on PDCCH. Assuming a different size of the DCI and sDCI for monitoring on PDCCH, there should not be any issue on supporting this.
Moreover, for subslot TTI there would only be one of 6 possible cases limited but for slot TTI when not enabling it also on PDCCH, the activation could only happen once in a subframe which would not improve the situation compared to 1ms TTI at all. We therefore propose: 
Proposal 2.1: UE shall monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.

2.2 Supported spectral efficiencies for sTTI SPS operation
For legacy SPS operation, only a limited set of MCS can be used for SPS operation (MSB set to 0) and only single layer transmission is supported. As the use case for SPS in Rel.8 (i.e. mainly for VoIP) and low latency operation (at least for UL SPS) is very much different, we do not see to necessarily put the same restrictions for sTTI SPS. Instead, the network should have full freedom in selecting the MCS for sTTI SPS.
We support the SPS operation for the full set of the MCS (i.e. do not set the MCS MSB to 0). At the same time, we think that only the UL/DL fallback mode (i.e. single layer transmission) needs to be supported. Therefore, the related ‘MIMO fields’ (such as TPMI) can be used for SPS validation or activation/deactivation signaling. 
Proposal 2.2: Support the full set of MCS for sTTI SPS operation, i.e. do not require to set the MBS of MCS to ‘0’.
Proposal 2.3: sTTI SPS supports only the UL/DL fallback transmission mode (i.e. single layer transmission). The MIMO related fields in the sDCI (such as TPMI) can be used for SPS validation and/or activation/deactivation indication.   

2.3 Supported SPS intervals
For 1ms TTI, we currently support for UL {1, 2, 3, 4, 5, 10, 20, 32, 40, 50, 64, 80, 100, 128, 160, 200, 300, 320, 400, 500, 600, 640, 700, 800, 900, 1000ms} and for DL {10, 20, 32, 40, 64, 80, 128, 160, 320, 640ms}. 
RAN1 already agree to limit the SPS intervals for sTTI to a maximum of 40ms, so only the related values up to 40ms need to be considered. The DL SPS periodicity has not been increased since Rel. 8, as DL SPS has not been considered a really needed and as we noted in our email replies to [1]. 
For subslot sTTI we suggest supporting the legacy values from UL plus the slot level in addition, this will give the following set as {0.5, 1, 2, 3, 4, 5, 10, 20, 32, 40ms}. 
For subslot sTTI, we think that adding 1sTTI, 2sTTIs and 3 sTTIs (i.e. 2, 3 or 6 times per subframe) on top of the legacy values of UL SPS should be sufficient. For easier reading, we color the legacy 1ms TTI UL SPS values in green below. 
Proposal 2.4: Support the following SPS intervals for UL/DL:
· For slot TTI: {0.5, 1, 2, 3, 4, 5, 10, 20, 32, 40ms}
· For subslot TTI: {1sTTI, 2sTTIs, 3sTTIs, 1ms, 2ms, 3ms, 4ms, 5ms, 10ms, 20ms, 32ms, 40ms}
 


3	Remaining details of UL SPS
Regarding the activation /deactivation of sTTI SPS transmission, a natural choice is to follow legacy procedures when applicable. Many of the bitfields can be defined in the same way. However, there are also a few differences discussed here discussed below. 
3.1 DM-RS Cyclic-shift
As indicated in the email discussion, we think that for such short periodicities supported by sTTI the configuration of exclusive resources for a user will lead to a waste of UL resources. Therefore, resource sharing between users based on eNB configuration should be supported. 
The only thing from specification that is needed to support this, would be to enable the DMRS cyclic shift indication in the UL SPS indication. The rest (resources, collision handling) can be left to eNB implementation. 
Proposal 3.1: Support sTTI UL SPS resource sharing by not requiring setting the cyclic shift for DM-RS field to 0. Resource allocation and related collision handling is up to eNB implementation. 

3.2 DM-RS sharing for UL SPS
Another SPS specific question is the DMRS indication. In normal sTTI operation the locations of data and DMRS symbols are indicated dynamically with each sDCI UL grant, but this is not possible with SPS. One option would be to always use a predefined DMRS location for each sTTI where the DMRS are either confined within each sTTI (Alt a below), or can be placed in the following sTTI (Alt b below). Another option is to define multiple patterns, each associated with a specific combination of data and DMRS symbols, and to allow for choosing one of the patterns e.g. with the DMRS indication bits in the activation sDCI. This option could e.g. allow for switching between Alt a and Alt b.     
Table 2. Alt a: DMRS are self-contained within each sTTI.
	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	R D
	R D
	R D
	R D
	R D D



Table 3. Alt b: DMRS sharing is supported between sTTIs #1 & #2 as well as between #3 and #4.  
	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	D D | R
	R D
	D D | R
	R D
	R D D


In our view, Alt a is too restrictive, since in 4/6 sTTI there is just one data symbol available. In total, the number of data symbols in a subframe is 8 with Alt a and 10 with Alt b, i.e. Alt b provides a 25 % gain over self-contained DMRS only. Therefore, we see that DMRS sharing between sTTIs should be supported also with SPS sPUSCH.
Proposal 3.2: DMRS sharing is supported with SPS sPUSCH. Use the DMRS indication bits in the activation sDCI to indicate either self-contained DMRS or DMRS sharing.

3.3 HARQ process handling for UL SPS
Another aspect where sTTI SPS differs from 1-ms case is HARQ-process ID determination. The related RAN2 agreement is: 
	In DL/UL SPS with asynchronous HARQ, the HARQ process ID is derived from the sTTI-number (index of sTTI within subframe).  Details are FFS
We note that this differs from the approach adopted to LAA Autonomous UL Access, where the UE decides the HARQ-ID, and signals it to eNodeB.
One related question is the selection of the HARQ process ID. We envision that scheduled and SPS sTTI UL transmissions can alternate dynamically, and therefore one needs to consider the interaction between the HARQ operation between these two modes. A problem unique to SPS UL access is that the deterministic HARQ ID selection at the UE (for SPS transmissions) will impose limitations to eNodeB scheduling (selection of the HARQ-ID for dynamically scheduled sPUSCH). 
To allow for the eNB to be in full control of scheduling, we see that some sort of segmentation for HARQ processes is needed, such that the network can ensure that the UE will not select the same HARQ-ID as the eNodeB intends to use. A practical way realizing this is to allow for RRC configuration of the HARQ-IDs allowed for UL sTTI SPS transmission. Knowing the subset of HARQ processes that the UE may use for SPS, the network can avoid any possible issues that might arise from using the same HARQ IDs. However, the network can still have freedom in using any HARQ process for scheduled transmissions.
Proposal 3.3: The set of HARQ process IDs used for SPS transmissions are RRC configured. This does not impose limitations to the HARQ-IDs used for scheduled UL transmissions.  

3.4 Remaining collision handling for UL SPS
Concerning collision handling between SPS sPUSCH and other transmission, many of the rules can be directly borrowed from non-SPS cases. However, there is one notable difference: the case when SPS-sPUSCH collides with a dynamically scheduled PUSCH. 
In our view, scheduled transmissions should always have higher priority compared to SPS, just like they do for normal LTE operation. For SPS the MCS setting and resource allocation are more persistent than those of dynamically scheduled transmissions, and if a network chooses to schedule a dynamic transmission overlapping with SPS, it will have a good reason to do so. Giving priority for SPS would easily lead into waste of UL resources (assume e.g. eNB scheduling dynamically a full BW transmissions), while the SPS sPUSCH allocation is just a few PRBs. This is especially the case if highest MCSs are not supported with SPS sPUSCH. Using non-SPS sPUSCH might be an option as well, but this would also mean increased overhead due to DMRS compared to PUSCH.
Proposal 3.4: In the case of collision between SPS-sPUSCH and dynamically scheduled PUSCH, the UE follows the dynamic UL grant for PUSCH.

4	Remaining details of DL SPS
4.1 sPUCCH power control
We think the same power control procedure should be applied for sPUCCH with SPS sPDSCH as for PUCCH with SPS PDSCH. The power control commands in DCI format 3/3A should be equally applied for sPUCCH with SPS sPDSCH as for PUCCH with SPS PDSCH. 
Proposal 4.1: Follow the power control commands in DCI format 3/3A for sPUCCH power control with SPS sPDSCH. 

4.2 DM-RS sharing for DL SPS
As noted already in our email reply, the DM-RS sharing would in principle be only be possible in case of (1) having a 1 sTTI interval and (2) MBSFN subframes (as the DL SPS is using CRS based fallback otherwise). So, the possible use case is rather limited here – especially considering the questionable motivation for DL SPS with such a low periodicity allover (considering, that skipping is not supported for DL SPS currently). 
We therefore do not see a reason to support DM-RS sharing for DL SPS. The related field in the sDCI can be used for other purposes. 
Proposal 4.2: Do not support DM-RS sharing among two consecutive sTTIs for DL sTTI SPS. The DL DM-RS indication field in the sDCI can be used for SPS validation and/or activation/deactivation indication. 
  
4.3 Rate-matching assumption for sPDCCH
For DL SPS, there is also the need to handle the possible collision of sPDCCH and sPDSCH, which for scheduled PDSCH is done by a certain rate-matching assumption. 
As indicated in the email discussion, we do not see a need for forbidding the overlap of the DL SPS resources and sPDCCH sets. Just a certain rate-matching behavior needs to be specified. 
Especially, as usage/use cases for the DL SPS are still a bit unclear to us, the specification should put little restrictions on the usage of the resource allocation. We therefore suggest a configurable rate-matching behavior for DL SPS. 
Proposal 4.3: Support an independent, per sPDCCH RB-set configuration of the rate-matching assumption for sTTI DL SPS.   

5	Conclusions
In this contribution, we discussed details of the remaining details of DL data channel design. The following observations and proposals are made. 
General proposals applicable to UL & DL SPS
· Proposal 2.1: UE shall monitor PDCCH of sTTI#0 for validation of a sDCI with SPS assignment for sPDSCH and sPUSCH.
· Proposal 2.2: Support the full set of MCS for sTTI SPS operation, i.e. do not require to set the MBS of MCS to ‘0’.
· Proposal 2.3: sTTI SPS supports only the UL/DL fallback transmission mode (i.e. single layer transmission). The MIMO related fields in the sDCI (such as TPMI) can be used for SPS validation and/or activation/deactivation indication.   
· Proposal 2.4: Support the following SPS intervals for UL/DL:
· For slot TTI: {0.5, 1, 2, 3, 4, 5, 10, 20, 32, 40ms}
· For subslot TTI: {1sTTI, 2sTTIs, 3sTTIs, 1ms, 2ms, 3ms, 4ms, 5ms, 10ms, 20ms, 32ms, 40ms}

Details on UL SPS
· Proposal 3.1: Support sTTI UL SPS resource sharing by not requiring setting the cyclic shift for DM-RS field to 0. Resource allocation and related collision handling is up to eNB implementation. 
· Proposal 3.2: DMRS sharing is supported with SPS sPUSCH. Use the DMRS indication bits in the activation sDCI to indicate either self-contained DMRS or DMRS sharing.
· Proposal 3.3: The set of HARQ process IDs used for SPS transmissions are RRC configured. This does not impose limitations to the HARQ-IDs used for scheduled UL transmissions.  
· Proposal 3.4: In the case of collision between SPS-sPUSCH and dynamically scheduled PUSCH, the UE follows the dynamic UL grant for PUSCH.

Details on DL SPS
· Proposal 4.1: Follow the power control commands in DCI format 3/3A for sPUCCH power control with SPS sPDSCH. 
· Proposal 4.2: Do not support DM-RS sharing among two consecutive sTTIs for DL sTTI SPS. The DL DM-RS indication field in the sDCI can be used for SPS validation and/or activation/deactivation indication. 
· Proposal 4.3: Support an independent, per sPDCCH RB-set configuration of the rate-matching assumption for sTTI DL SPS.   
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