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1	Introduction
As of RAN#78 in December 2017, the completion level of sTTI WI core part is set to 100% [1], and RAN4 can start the discussion on the UE demodulation and CSI requirements. In this contribution we present a summary of sTTI features related to UE demodulation according to [2][3], and show our observation for SPDCCH demodulation requirements. 
2	PBCH
sTTI features are only applicable for UE in RRC_CONNECTED. Therefore, initial access procedure is same as Rel-8 LTE. 
Observation: sTTI feature does not affect to PBCH demodulation requirements. 
3	SPDCCH
3.1	TTI configuration
RAN1 agreed to introduce two TTI configurations for PDSCH: one for 7 OFDM symbols (or slot-based PDSCH); another for 2/3 OFDM symbols (or subslot-based PDSCH). Slot-based PDSCH supports both FDD and TDD, but subslot-based PDSCH supports FDD only. Number of OFDM symbols in the subslot depends on the CFI (Number of OFDM symbols allocated for control channel region). Figure 1 illustrates the slot index used for slot-based PDSCH and subslot index used for subslot-based PDSCH.
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[bookmark: _Ref505352122]Figure 1 Slot index for slot-based PDSCH and Subslot index for the subslot-based OFDM symbols. 
3.2	Resource allocation
RAN1 introduced a new control channel, short physical downlink control channel (SPDCCH), to schedule the slot-based/subslot-based PDSCH. SPDDCH uses both CRS and DMRS for demodulation reference symbols, configured by the RRC parameter spdcch-SetReferenceSig = {crs, dmrs}. Depending on the CRS-based or DMRS-based, the number of configurable OFDM symbols used for SPDCCH are different as shown in Table 1. When the DMRS-based PDSCCH is used, UE may assume the same precoding is applied on the two PRBs in frequency domain. The number of OFDM symbols for CRS-based SPDCCH is signalled by the RRC parameter spdcch-NoOfSymbols = {1,2}.
[bookmark: _Ref505675651]Table 1	Number of supports OFDM symbols for SPDDCH. 
	Reference signal
	sTTI configuration
	Number of OFDM symbols 

	CRS-based SPDCCH
	Subslot-based
	1 or 2 symbols

	
	Slot-based
	1 or 2 symbols

	DMRS-based SPDCCH
	Subslot-based
	2 symbols for sTTI index #1 with CFI=1/3
3 symbols for sTTI index #1 with CFI=2
2 symbols for sTTI index #2, #3, #4 
3 symbols for sTTI index #5
(Note 1)

	
	Slot-based
	2 symbols

	Note 1: DCI in sTTI index #0 is transmitted with PDCCH. 



SPDCCH supports 4 formats depending on the number of consecutive resource elements for sTTI, called short control channel element (SCCE) (See Table 2). The number of used SCCEs are also called aggregation level, e.g., AL4. One SCCE consists of multiple short resource element groups (SREGs) as shown in Table 3, and each SREG consist of one resource block within 1 OFDM symbols (= 12 OFDM symbols if not occupied by other signals). 
[bookmark: _Ref505676329]Table 2	SPDCCH formats
	SPDCCH format
	Number of SCCEs

	0
	1

	1
	2

	2
	4

	3
	8



[bookmark: _Ref505676368]Table 3	Number of SREGs per SCCE
	
	Number of SREGs

	CRS-based SPDCCH
	4

	DMRS-based 2 symbol SPDCCH 
	4

	DMRS-based 3 symbol SPDCCH
	6



SPDCCH is mapped to the resource elements specified in SPDDCH-PRB-sets. The network can configure up to 4 SPDCCH-PRB-sets, but UE only need to monitor up to 2 SPDCCH-PRB-sets for a given slot or subslot. The maximum number of SPDCCH candidates for AL1/2 is 6 and AL4/8 is 2. Within the SPDCCH-PRB-set, SREGs for SPDCCH transmission are mapped to the resource elements contiguously (localized) or distributed, depending of the signalling parameter transmissionType = {localised, distributed}. The maximum number of antenna ports for CRS-based SPDCCH is 4 and for DMRS-based SPDCCH is 1 (Port=107).

3.3	Multiplexing with data
[bookmark: _Ref506824336]3.3.1	RRC-based rate matching mode
RAN1 introduced multiplexing SPDCCH with PDSCH to utilize the control channel resources not used in a subslot/slot. According to RAN1/RAN2 CRs [4][5], there are 4 rate matching modes, called rateMatchingMode = {m1, m2, m3, m4}. Table 4 is the description of each mode and Figure 2 illustrates how eNB maps the PDSCCH in the resource elements. 
Consider SPDCCH-PRB-sets #0 and #1 are configured. DCI 7-1x is transmitted in SPDCCH-PRB-set #0 and DCI 7-0x is transmitted in SDPCCH-PRB-set #1. Figure 1 illustrates the resource element location for both sets and which REs are used by PDSCH scheduled by DCI 7-1x.  
For Mode 1, PDSCH uses the REs which are not used for SPDCCH with DCI 7-1x in SPDCCH-PRB-set #0 and all the REs for SPDCCH-PRB-set #1. Since UE does not know the actual SPDCCH aggregation level during the blind search, PDSCH transmission in the unused REs in the SPDCCH-PRB-sets could impact to the SPDCCH detection. Moreover, if DCI 7-0x is transmitted in SPDCCH-PRB-set #1, SPDCCH with DCI 7-0x overrides the REs used by PDSCH symbols. 
Mode 2 is the most conservative transmission mode; PDSCH does not use all the REs configured in all the SPDCCH-PRB-sets. It does not degrade the SPDCCH/PDSCH demodulation performance but results in less resource utilization.
For Mode 3, PDSCH does not use all the REs in SPDCCH-PRB-set #0 but can use REs in SPDCCH-PRB-set #1. This mode does not affect to the DCI 7-1x decoding, but PDSCH is punctured if DCI 7-0x is transmitted in SPDCCH-PRB-set #1. 
For Mode 4, PDSCH uses the REs which are not used for DCI 7-1x in SPDCCH-PRB-set #0. Also, PDSCH does not use all the configured REs in SPDCCH-PRB-set #1. 
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[bookmark: _Ref505677859]Figure 2	RRC-based SPDCCH rate matching mode. 

[bookmark: _Ref506824347]3.3.2	L1-based rate matching method
In addition to RRC-based rate-matching method, RAN1 has introduced L1-based rate-matching method, and it is applicable when RRC parameter SPDCCH-L1-ReuseIndication is set to 1 or 2 for configured SPDCCH-PRB-sets. The L1 information ‘Used/Unused SPDCCH resource indication’ is signalled in DCI 7-1x. 
Since UE can be monitor 1 or 2 SPDCCH-PRB-sets for a given slot/subslot, SPDCCH-L1-ReuseIndiction is given by a pair of indications. The first value corresponds to the SPDCCH-PRB-set #0 and the second value corresponds to the SPDCCH-PRB-set #1. According to RAN2 specification (TS36.331 in [5]), the indication pair is limited to {1,1}, {2,0}, or {0,2}. If the RRC parameter L1 reuse indication is set to {1,1}, PDSCH does not use all the REs configured for the SPDCCH-PRB-set(s) according to the Used/Unused SPDCCH resource indication bits (this is also given by 2 bits). If the indication is set to ‘10’, then PDSCH does not use all the REs in SPDDCH-PRB-set #0 (Figure 3 (a)), but uses all the REs configured for SPDCCH-PRB-set #1. If the indication is set to ‘11’, then PDSCH does not use all the REs configured for SPDCCH-RPB-sets #0 and #1 (Figure 3 (b)). 
If SPDCCH-L1-ReuseIndication is set to {2,0} and the Used/Unused SPDCCH resource indication bits are set to ‘10’, then PDSCH does not use the first half SCCEs configured for SPDCH-PRB-set #0 (Figure 3 (c)). If the Used/Unused SPDCCH resource indication bits are set to ‘01’, then PDSCH does not use the second half SCCEs configured for SPDCH-PRB-set #0 (Figure 3 (d)). If the Used/Unused SPDCCH resource indication bits are set to ‘11’, then PDSCH does not use all the SCCEs (REs) configured for SPDCH-PRB-set #0 (Figure 3 (e)).
Similarly, if SPDCCH-L1-ReuseIndication is set to {0,2} and the Used/Unused SPDCCH resource indication bits are set to ‘10’, then PDSCH does not use the first half SCCEs configured for SPDCH-PRB-set #1 (Figure 3 (f)). If the Used/Unused SPDCCH resource indication bits are set to ‘01’, then PDSCH does not use the second half SCCEs configured for SPDCH-PRB-set #1 (Figure 3 (g)).
Note if SPDCCH-PRB-set is configured with SPDCCH-L1-ReuseIndication = 0, then PDSCH rate matching follows the rule specified by RRC-based rate matching mode.
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[bookmark: _Ref505772197]Figure 3	L1-based SPDCCH rate matching mode. 

3.4	DCI formats
SPDCCH signals two DCI formats for UL grant and 7 DCI formats for PDSCH scheduling depending UL/DL transmission modes. Table 5 lists all the supported DCI formats and the maximum information bit size. 
If SPDCCH is CRS-based, it can schedule both CRS-based PDSCH and DMRS-based PDSCH. On the other hand, DMRS-based SPDCCH can only schedule DMRS-based PDSCH.  
[bookmark: _Ref505688645]Table 5	DCI format supported in SPDCCH. 
	DCI formats
	Maximum information bits (without CRC)
	Description

	Format 7-0A
	37 bits
	UL grant for sTTI PUSCH TM1, including TPC command, CSI request, and SRS request.

	Format 7-0B
	43 bits
	UL grant for sTTI PUSCH TM2 (multi-antenna port), including TPC command, CSI request, and SRS request.

	Format 7-1A
	34 bits
	Scheduling of sTTI PDSCH TM1 and TM2

	Format 7-1B
	36 bits
	Scheduling of sTTI PDSCH TM3

	Format 7-1C
	41 bits
	Scheduling of sTTI PDSCH TM4

	Format 7-1D
	39 bits
	Scheduling of sTTI PDSCH TM6

	Format 7-1E
	36 bits
	Scheduling of sTTI PDSCH TM8 (TDD only, up to 2 layers)

	Format 7-1F
	37 bits
	Scheduling of sTTI PDSCH TM9 (up to 4 layers)

	Format 7-1G
	39 bits
	Scheduling of sTTI PDSCH TM10 (up to 4 layers)




[bookmark: _Ref352176984]4	Test cases
From the observation above, we think the following parameters should be considered for SPDCCH test setup:
	Parameters
	Possible values

	TTI configuration
	Slot-based, Subslot-based

	Reference symbols
	CRS-based, DMRS-based

	Transmission types
	Localized, Distributed

	Aggregation level
	1, 2, 4, and 8 SCCEs

	Number of OFDM symbols
	1 or 2 for CRS-based, 2/3 for DMRS-based

	Duplex mode
	FDD, TDD

	RRC-based rate matching mode
	Mode 1, 2, 3, and 4

	L1-based rate matching mode
	{1,1}, {0,1}, {1,0}



Regarding the TTI configuration, there should not be demodulation performance difference between slot-based transmission and subslot-based transmission because of the same coding rate. However, UE can configure slot-based and/or subslot-based transmission according to the UE capability, we propose to specify both slot-based and subslot-based SPDCCH demodulation requirements. Note that the subslot-based SPDCCH demodulation requirements are applicable for FDD only. 
If we test subslot-based DMRS-based SPDCCH, the number of OFDM symbols are 2 or 3 according to the subslot index. We can schedule DCI only in the subslots #2, #3, #4, to use the same OFDM symbol size as slot-based DMRS-based SPDCCH, i.e., 2 OFDM symbols. 
Proposal 1: RAN4 introduce slot-based and subslot-based SPDCCH demodulation requirements for FDD and TDD. Applicability depends on the UE capability. 

Similar to EPDCCH and MPDCCH, SPDCCH supports the localized and distributed transmission types. We propose to test both parameters. Moreover we also propose to test CRS-based and DMRS-based reference symbols.
Proposal 2: SPDCCH demodulation requirements test both localized and distributed transmission types. 
Proposal 3: SPDCCH demodulation requirements test both CRS-based and DMRS-based demodulations.
Considering the combinations transmission types and reference symbols, there are 4 test cases. We can set 4 aggregation level configurations. 
For the number of OFDM symbols, we assume 2 OFDM symbols for DMRS-based (slot-based) transmission. For CRS-based transmission, we can assume 1 symbol and 2 symbols. 
To verify the blind search in the UE specific search space, we propose to allocate SCCEs larger than the configured aggregation level. 
The RRC-based rate matching configuration specifies the rate matching of PDSCH, and it may affect to the detection performance when it is set to mode 1 or mode 3 during the blind search. We therefore propose to set RRC-based rate matching mode to 1. 
Considering the discussion above, we propose the 4 test sets below for SPDCCH demodulation requirements. We can discuss further for the detailed test configuration such as propagation channel, antenna configuration, DCI format. For example, we are interesting to test with higher Doppler case such as EVA70. More detailed simulation assumption is presented in [6].

Proposal 4: RAN4 introduces the following 4 test cases for SPDCCH demodulation requirements.
	
	Test 1
	Test 2
	Test 3
	Test 4

	Short TTI length (Note 1)
	Slot-based / Subslot-based
	Slot-based / Subslot-based
	Slot-based / Subslot-based
	Slot-based / Subslot-based

	Transmission type
	Localized
	Distributed
	Localized
	Distributed

	Reference symbol
	CRS
	CRS
	DMRS
	DMRS

	Number of OFDM symbols
	1
	2
	2
	2

	Aggregation level
	4 SCCE
	1 SCCE
	8 SCCE
	2 SCCE

	Rate matching mode
	Mode 1
	Mode 1
	Mode 1
	Mode 1

	SPDCCH L1 Reuse Indication
	Not configured
	Not configured
	Not configured
	Not configured

	Duplex modes (Note 2)
	FDD/TDD
	FDD/TDD
	FDD/TDD
	FDD/TDD

	Propagation condition
	EVA70
	EVA5
	EVA5
	EVA5

	Antenna configuration
	2x2 Low
	2x2 Low
	2x2 Low
	2x2 Low

	DCI format
	7-1A
	7-1A
	7-1F
	7-1F

	PDSCH TM
	TM2
	TM2
	TM9
	TM9

	Evaluation criteria
	1% Pm-dsg
	1% Pm-dsg
	1% Pm-dsg
	1% Pm-dsg

	Note 1: Note 1: SPDCCH demodulation requirements should be specified for both slot-based and subslot-based. Applicability is based on the UE capability. 
Note 2: TDD is applicable for slot-based SPDCCH demodulation only.




5	Conclusions
Observation: sTTI feature does not affect to PBCH demodulation requirements. 
Proposal 1: RAN4 introduce slot-based and subslot-based SPDCCH demodulation requirements for FDD and TDD. Applicability depends on the UE capability. 
Proposal 2: SPDCCH demodulation requirements test both localized and distributed transmission types. 
Proposal 3: SPDCCH demodulation requirements test both CRS-based and DMRS-based demodulations.
Proposal 4: RAN4 introduces the following 4 test cases for SPDCCH demodulation requirements.
	
	Test 1
	Test 2
	Test 3
	Test 4

	Short TTI length (Note 1)
	Slot-based / Subslot-based
	Slot-based / Subslot-based
	Slot-based / Subslot-based
	Slot-based / Subslot-based

	Transmission type
	Localized
	Distributed
	Localized
	Distributed

	Reference symbol
	CRS
	CRS
	DMRS
	DMRS

	Number of OFDM symbols
	1
	2
	2
	2

	Aggregation level
	4 SCCE
	1 SCCE
	8 SCCE
	2 SCCE

	Rate matching mode
	Mode 1
	Mode 1
	Mode 1
	Mode 1

	SPDCCH L1 Reuse Indication
	Not configured
	Not configured
	Not configured
	Not configured

	Duplex modes (Note 2)
	FDD/TDD
	FDD/TDD
	FDD/TDD
	FDD/TDD

	Propagation condition
	EVA70
	EVA5
	EVA5
	EVA5

	Antenna configuration
	2x2 Low
	2x2 Low
	2x2 Low
	2x2 Low

	DCI format
	7-1A
	7-1A
	7-1F
	7-1F

	PDSCH TM
	TM2
	TM2
	TM9
	TM9

	Evaluation criteria
	1% Pm-dsg
	1% Pm-dsg
	1% Pm-dsg
	1% Pm-dsg

	Note 1: Note 1: SPDCCH demodulation requirements should be specified for both slot-based and subslot-based. Applicability is based on the UE capability. 
Note 2: TDD is applicable for slot-based SPDCCH demodulation only.
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