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1 Introduction

In the RAN1##91 meeting, the following agreements on SPS were achieved:
Agreement:
The unused field for SPS operation are set for validation of SPS activation/release

· The list of unused fields:

· Activation: TPC (‘0‘), FFS: DMRS (‘0’), 

· Release: TPC (‘0’), DMRS (‘0’), MCS (‘1’), RB assignment (‘1’)

Agreement:
The most significant bit of the modulation and coding scheme field (MCS) in the sDCI for SPS activation is not fixed to zero.
Agreement:
For DL SPS in subslot TTI with periodicity of 1 sTTI, no DMRS sharing for DL SPS, and the 1-bit DMRS-indication field in DL sDCI for DL SPS is set to '0' for validation. Every sTTI contains DMRS for DMRS-based sPDSCH transmission. 
Agreement: [RAN 2 impact]
For UL sTTI SPS operation, different DMRS and/or RPF can be configured by RRC (3-bit CS and 1-bit RPF). The CS and RPF fields in the sDCI are set to zero.
Agreement:
For UL SPS in subslot TTI with periodicity of 1 sTTI, 1-bit is used to indicate the UL DMRS pattern according to table below. The remaining bit for the UL DMRS indication is used for activation (set to ‘0’). For release, both bits are set to ‘1’.

	sDCI field (1-bit)
	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	0 (no sharing)
	R D D
	R D
	R D
	R D
	R D
	R D D

	1
	R D D
	D D | R
	R D
	D D | R
	R D
	R D D

	R : Reference symbol

D : Data

 |  : sTTI border


In this contribution, we will further discuss some remaining issues and clarify some unclear parts on SPDCCH/PDCCH validation for semi-persistent scheduling in sTTI. 
2 Correction on SPDCCH validation for semi-persistent scheduling
2.1 SPDCCH validation for SPS activation
In general, the unused fields in the DCI formats can be set for validation of SPS activation. It was agreed that TPC, CS and RFP fields are set to zero. 

When checking the fields in DCI format 7-0A, the field of “Cyclic Shift Field mapping table for DMRS – 1 bit” is unused either, so it can be set “0” for activation of SPS for DCI format 7-0A. In addition, the field of “TPC command for slot-SPUCCH or subslot-SPUCCH – 2 bits” are set “00” per the agreement for activation of SPS for DCI format 7-1A/1B/1C/1D/1E/1F/1G which was not captured in the specification of TS 36.213. 

The draft CR is provided in [3] to capture the above-mentioned corrections. 

Proposal 1: Adopt the following corrections to SPDCCH validation of SPS activation:
· Cyclic Shift Field mapping table for DMRS is set to “0”
· TPC command field is set to “00”
2.2 SPDCCH validation for SPS release
Similarly, the unused fields in the DCI formats are set for SPS release oin SPDCCH activation. In addition to the fields of TPC, DMRS, MCS, RB assignment which were agreed to set “0” or “1”, the field of “Redundancy version – 2 bits” can be set to “00” as well. Moreover, the field of “Cyclic Shift Field mapping table for DMRS – 1 bit” can be set to “0” for release of SPS for DCI format 7-0A. The field of “TPC command for slot-SPUCCH or subslot-SPUCCH – 2 bits” are set to “00” per the agreement for release of SPS for DCI formats 7-1A/1B/1C/1D/1E/1F/1G which was not captured in the specification of TS 36.213. 

In addition, the agreements were not correctly reflected in some special fields setting in the Table 9.2-1A of TS 36.213.

The draft CR is provided in [3] to capture the above-mentioned corrections. 
Proposal 2: Adopt the following corrections to SPDCCH validation of SPS release:
· HARQ process number and RV fields are set to all zeros,
· MCS are set to all ones,
· TPC command field is set to “00”.
3 Discussion on agreements not captured
3.1 Rate-matching behavior for DL SPS
Currently, there is no agreement on rate-matching behavior for sTTI based DL SPS. In email discussion after RAN1#90bis meeting [1], the rate-matching behavior for sPDCCH RB sets are discussed. There are three main options:
· Option 1: No rate-matching around the configured sPDCCH PRB sets for monitoring within a sTTI (i.e., handled by eNB implementation/scheduling)

· Option 2: The same configuration as for scheduled sPDSCH applies (i.e. same configured rate-matching behavior as with scheduled sPDSCH)

· Option 3: Separate/independent configuration of rate-matching assumption for sPDSCH SPS for each configured sPDCCH PRB set

With option 1, the overlapping between DL SPS resources and sPDCCH RB sets are avoided by scheduling, which introduces scheduling restriction for eNB more or less, so that it is unfavorable. Instead, a configurable rate-matching behavior for DL SPS can be considered. Comparing between option 2 and option 3, option 3 needs further standardization effort, so option 2 is preferred unless significant benefit is achieved by option 3.
Proposal 3: The sPDCCH rate matching for SPS sPDSCH follows the same mode of scheduled sPDSCH.
The text proposal to section 7.1.9 of TS36.213 [2] is provided accordingly as below:  
--------------------------------------------------Start of text proposal---------------------------------------------------

7.1.9
PDSCH resource mapping parameters
……
To decode PDSCH according to a detected SPDCCH with DCI format 7-1 A, 7-1B, 7-1C, 7-1D, 7-1E, 7-1F, 7-1G with CRC scrambled with C-RNTI or SPS C-RNTI intended for the UE and the given serving cell, a UE shall use the value of the higher layer parameter rateMatchingMode (for each SPDCCH-PRB set), and the 'Used/Unused SPDCCH resource indication' field (if present) in the SPDCCH for determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]).

--------------------------------------------------End of text proposal----------------------------------------------------
3.2 UL SPS DMRS sharing
Since a UE can skip sPUSCH transmission when there is no data in buffer, eNB has to blindly detect whether an sPUSCH is transmitted or not in an sTTI. In the case of UE skipping sPUSCH transmission, UL DMRS detecting is then to be an effective method for eNB to determine whether an sPUSCH is transmitted or not. 
However, there might be misunderstanding between eNB and UE as illustrated in Figure 1 when UL SPS DMRS sharing is indicated in which case a UL DMRS can be used for two sTTIs. For example, DMRS in sTTI2 can be used for sTTI1 and sTTI2, so even if UL DMRS is confirmed in sTTI2, eNB still cannot make sure it is an sPUSCH transmitted in sTTI1 or sTTI2.
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Figure 1. Misunderstanding between eNB and UE

To improve DTX detecting efficiency, we propose to introduce a predefined rule which is pre-known by eNB and UE. For UL DMRS in sTTI2, there are three options:

· Option 1: UL DMRS in sTTI2 is corresponding to sTTI1

· Option 2: UL DMRS in sTTI2 is corresponding to sTTI2

· Option 3: UL DMRS in sTTI2 is corresponding to sTTI1 and sTTI2

In option 2, only 1 symbol can be used to transmit UL data, so option 2 is not preferred. In option 1, if UL DMRS in sTTI2 is detected, eNB can confirm there is an sPUSCH transmitted in sTTI1.  In option 3, if UL DMRS in sTTI2 is detected, eNB can confirm there are two sPUSCHs transmitted in sTTI1 and sTTI2, respectively.
For UL DMRS in sTTI4, similar options can be given.

Proposal 4: If UL DMRS in sTTI2 is detected, there is an sPUSCH transmitted in sTTI1, or there are two sPUSCHs transmitted in sTTI1 and sTTI2, respectively.
Proposal 5: If UL DMRS in sTTI4 is detected, there is an sPUSCH transmitted in sTTI3, or there are two sPUSCHs transmitted in sTTI3 and sTTI4, respectively.
3.3 DL/UL SPS for MIMO related Modes 
Compared with single-sTTI scheduling, DL/UL SPS scheduling can be used to reduce control overhead meanwhile provide possibility to fast UL access. However, currently, only single-antenna port and transmit diversity are supported for DL SPS and only single-antenna port is supported for UL SPS. Therefore, we propose DL/UL SPS is also used for MIMO-related modes.
Proposal 6: DL/UL SPS is also used for MIMO-related modes.
4 Conclusion
The contribution mainly discusses remaining issues on SPS. Based on the discussion, we have the following proposal:

Proposal 1: Adopt the following corrections to SPDCCH validation of SPS activation:

· Cyclic Shift Field mapping table for DMRS is set to “0”
· TPC command field is set to “00”
Proposal 2: Adopt the following corrections to SPDCCH validation of SPS release:

· HARQ process number and RV fields are set to all zeros,

· MCS are set to all ones,

· TPC command field is set to “00”.
Proposal 3: The sPDCCH rate matching for SPS sPDSCH follows the same mode of scheduled sPDSCH.
Proposal 4: If UL DMRS in sTTI2 is detected, there is an sPUSCH transmitted in sTTI1, or there are two sPUSCHs transmitted in sTTI1 and sTTI2, respectively.
Proposal 5: If UL DMRS in sTTI4 is detected, there is an sPUSCH transmitted in sTTI3, or there are two sPUSCHs transmitted in sTTI3 and sTTI4, respectively.
Proposal 6: DL/UL SPS is also used for MIMO-related modes.
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