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1 Introduction
In Rel-15 WI, shortened TTI and processing time for LTE  is introduced to reduce latency [1]. We find there is ambiguity in RAN 1 specifications for
· UE monitoring multiple DCI and sDCI formats in sTTI#0. 

· Maximum allowable number of sDCI candidates in PDCCH and SPDDCH. 
In this contribution, we provide our analysis and propose CR texts in the appendix.
2 DCI/sDCI length Alignment Ambiguity
RAN1 made agreement
	RAN1#91 Agreement:
In case DCI and sDCI sizes are aligned, a 1-bit sDCI/DCI flag is inserted into the baseline fields of DL and UL sDCI format in sTTI number #0.


Consider example illustrating the ambiguility when UE monitors multiple DCI fromats after sTTI feature is introduced in R15 later spec.
High layer info setting is as following: 

1. DL_RB=UL_RB=15;

2. flag_CIF = false; 

3. flag_CA = false; 

4. flag_SRSTriggerType=false;

5. DL_RA_type = 2;

With the higher layer settings above, there is alignment between DCI0/1A and DCI7 length. We have DCI0/1A length = 22, and DCI_7 length = 22. Since the length are both 22, we have ambiguity in distinguish DCI_0/1A & DCI_7.
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Observation 1: The RAN1 agreement suggest the 1-bit sDCI/DCI flag in case DCI and sDCI sizes are aligned is conditional.

Observation 2: It is not clear how conditional 1-bit sDCI/DCI flag field based on DCI/sDCI size alignment can be included in DCI formats 7-0A/0B and DCI formats 7-1A/1B/1C/1D/1E/1F/1G in TS 36.212 v15.0.0 (2017-12)
We think a simpler way can be to add zero padding in the baseline DL and UL sDCI format in sTTI number #0 in case there DCI/sDCI size alignment until the payload size of sDCI is different from other DCI formats – e.g. DCI format 0/1A.

Proposal 1:  Add zero padding in the DL sDCI format 7-0A/0B  and UL sDCI format 7-1A/1B/1C/1D/1E/1F/1G  in sTTI number #0 until the payload size of sDCI is different from other DCI formats (e.g. DCI format 0/1A) in TS 36.212 v15.0.0, 5.3.3.1.15 / 5.3.3.1.16 and 5.3.3.1.17/ ~  / 5.3.3.1.23
3 Maximum Allowable Number of sDCI candidates  

RAN1 made agreements
	Agreement:
A UE can be configured to monitor an sPDCCH RB set p with M_p^((L))sPDCCH candidate(s) for sPDCCH search space at aggregation level L within an sTTI, where p∈{0,1} and M_p^((L))∈{0,1,…,M_total}. M_total is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI over all sPDCCH sets and aggregation levels. 

- FFS: The value of M_total.

- FFS: The total number of RB sets configurable to a UE

Agreement:
M_total, the maximum allowable number of sPDCCH candidates, equals to 6 for subslot operation and 12 for slot operation.
Agreement: [RAN2 impact]
The number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region is

· less than or equal to 2 for aggregation level 4 and 8,

· less than or equal to 6 for aggregation level 1 and 2

Agreement: [RAN2 impact]
The number of sPDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in sPDCCH region is

· less than or equal to 2 for aggregation level 4 and 8,

· less than or equal to 6 for aggregation level 1 and 2


TS 36.213 v15.0.0 2017-12, section 9.1.1 specifies 
If the monitoring UE is configured with higher layer parameter ShortTTI-Length, for monitoring DCI format 7-0A/7-0B/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, [image: image2.wmf])
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is replaced by the corresponding element of higher layer parameter dci7-CandidatesPerAL-PDCCH-r15.
RAN1 agreed that the number of candidates in each aggregation level for DCI-7 is defined by M_DCI format 7^((L) as <= 2 for L=4 and 8, and <=6 for L=1 and 2 in PDCCH/SPDCCH respectively by highly layer parameter dci7-CandidatesPerAL-PDCCH-r15/ dci7-CandidateSetsPerAL-SPDCCH-r15.in TS 36.331 in SPDCCH-config IE.
[image: image3.png]—-- ASNI1START

SPDCCH-Config-rl5 ::= CHOICE {

release NULL,

setup SEQUENCE {
spdcch-SetConfigId-rl5 INTEGER (0..3) OPTIONAL, -- Need ON
spdcch-SetReferenceSig-rl5 ENUMERATED {crs, dmrs} OPTIONAL, -- Need ON
transmissionType-rl5 ENUMERATED {localised, distributed} OPTIONAL, —- Need ON
spdcch-NoOfSymbols-rl5 INTEGER (1..2) OPTIONAL, -- Need ON
dmrs-ScramblingSequenceInt-rl5 INTEGER (0..503) OPTIONAL, -- Need ON
dci7-CandidatesPerAL-PDCCH-r15 SEQUENCE (SIZE(1..4)) OF

DCI7-Candidates-rl5 OPTIONAL, —- Need ON
dci7-CandidateSetsPerAL-SPDCCH-rl5 SEQUENCE (SIZE(1..2)) OF
DCI7-CandidatesPerAL-SPDCCH-rl5 OPTIONAL, -- Need ON
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Number of candidates in each aggregation level for DCI format 7. The number of PDCCH candidate(s) M_DCI format
77((L)) at aggregation level L for monitoring DCI format 7 in PDCCH and SPDCCH region shall conform to the
following restriction:

« less than or equal to 2 for aggregation level 4 and 8,

« less than or equal to 6 for aggregation level 1 and 2





There is ambiguity on maximum allowable number of candidates to be monitored in PDCCH/SPDCCH with RAN1 agreement on M_total, the maximum allowable number of sPDCCH candidates, equals to 6 for subslot operation and 12 for slot operation. There is no maximum allowable number of sDCI candidate in PDCCH and SPDDCH specified.

Observation 3: There is no maximum allowable number of sDCI candidate in PDCCH and SPDDCH specified.

Proposal 2: Add maximum allowable number of sDCI candidate in PDCCH and SPDDCH in TS 36.213, 9.1.1 PDCCH assignment procedure.

4 Conclusions 

In this document, we discussed and proposed solutions for
1)   Ambiguity in RAN 1 specifications when UE monitors multiple DCI formats in sTTI#0. 

Observation 1: The RAN1 agreement suggest the 1-bit sDCI/DCI flag in case DCI and sDCI sizes are aligned is conditional.

Observation 2: It is not clear how conditional 1-bit sDCI/DCI flag field based on DCI/sDCI size alignment can be included in DCI formats 7-0A/0B and DCI formats 7-1A/1B/1C/1D/1E/1F/1G in TS 36.212 v15.0.0 (2017-12)
Proposal 1:  Add zero padding in the DL sDCI format 7-0A/0B  and UL sDCI format 7-1A/1B/1C/1D/1E/1F/1G  in sTTI number #0 until the payload size of sDCI is different from other DCI formats (e.g. DCI format 0/1A) in TS 36.212 v15.0.0, 5.3.3.1.15 / 5.3.3.1.16 and 5.3.3.1.17/ ~  / 5.3.3.1.23
2)   Ambiguity in RAN1 specifications on specific maximum allowable number of sDCI candidates in PDCCH and SPDDCH.
Observation 3: There is no maximum allowable number of sDCI candidate in PDCCH and SPDDCH specified.

Proposal 2: Add maximum allowable number of sDCI candidate in PDCCH and SPDDCH in TS 36.213, 9.1.1 PDCCH assignment procedure.

Based on the above analysis, we suggest RAN1 to correct it. A text proposal is provided in the Appendix for discussion. 
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6 Appendix
TS 36.212 v15.0.0 (2017-12) 
< Unchanged parts are omitted >
	5.3.3.1.15
Format 7-0A   ~   5.3.3.1.16
Format 7-0B

If the number of information bits in format 7-0A mapped onto a given search space is less than the payload size of format 7-1A/B/C/D/E/F/G depending on the configured downlink transmission mode for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 7-1A/B/C/D/E/F/G), zeros shall be appended to format 7-0A until the payload size equals that of format 7-1A/B/C/D/E/F/G.

After payload size align with format 7-1A/B/C/D/E/F/G, if payload size equals to any other monitored DCI formats (e.g. DCI0/1A) in sTTI number #0, zeros shall be appended until the payload size is different from all other monitored DCI formats.


	5.3.3.1.17
Format 7-1A ~ 5.3.3.1.23
Format 7-1G


If the UE is configured to decode SPDCCH CRC scrambled by the C-RNTI and the number of information bits in format 7-1A mapped onto a given search space is less than that of format 7-0A/B depending on the configured uplink transmission mode for scheduling the same serving cell and mapped onto the same search space, zeros shall be appended to format 7-1A until the payload size equals that of format 7-0A/B, except when format 7-1A assigns downlink resource on a secondary cell without an uplink configuration associated with the secondary cell. After payload size align with format 7-0A/B, if payload size equals to any other monitored DCI formats (e.g. DCI0/1A) in sTTI number #0, zeros shall be appended until the payload size is different from all other monitored  DCI formats.


< Unchanged parts are omitted >

TS 36.213 v15.0.0 (2017-12) 
< Unchanged parts are omitted >

	9.1.1
PDCCH assignment procedure
If the monitoring UE is configured with higher layer parameter ShortTTI-Length, for monitoring DCI format 7-0A/7-0B/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, [image: image6.wmf])
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is replaced by the corresponding element of higher layer parameter dci7-CandidatesPerAL-PDCCH-r15.  A UE is not expected to monitor total number of dci-7 candidate > M_total_PDCCH in PDCCH.
M_total_PDCCH, the maximum allowable number of dci-7 candidate in PDCCH is equals to 6 for subslot operation and 12 for slot operation.
If a carrier indicator field value "x" corresponds to a LAA SCell and the monitoring UE is configured with uplink transmission on the LAA SCell, 
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 over all configured DCI formats for the LAA SCell. Otherwise, 
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 is determined according to Table 9.1.1-1 by replacing [image: image10.wmf])
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< Unchanged parts are omitted >
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