
3GPP TSG RAN WG1 Meeting #86		R1-166966
Gothenburg, Sweden 22nd - 26th August 2016

Source:	Panasonic
Title: 	Discussion on Single level DCI and two-level DCI
Agenda Item:		7.2.12.2.1
Document for:		Discussion and Decision
Introduction
In RAN1#85, followings were conclusion for study.
	Conclusion:
· Further discussion during the WI phase (if WI is approved) regarding the single-level DCI vs. two-level DCI considering aspects such as overhead, complexity, potential scheduling restriction, search space design, the corresponding performance, impact of different TTI lengths (if any), etc.
· Note: this conclusion is not be included in the TR
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In this contribution, we discuss single level DCI /two-level DCI and sPDCCH monitoring configurations. This is update of R1-164911. The 3/4 OFDM symbols related discussions for DL are removed based on the WID.
[bookmark: _GoBack]Discussion

Single level DCI /two-level DCI
At first, we compare single level DCI and two-level DCI. Within two-level DCI, we identify three alternatives.
Single level DCI
For single level DCI, every DCI contains full information and UE should monitor every search space on every sTTI. It is shown in Figure 1. The resource allocation is high flexibility. When multiple sTTIs are allocated to one UE, the DCI contents are duplicated and the overhead of DCI is high. Note that for 2 OFDM symbols, to reduce the overhead of sPDCCH is important for better throughput and latency [1][2].
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[bookmark: _Ref450760917]Figure 1 single level DCI

Two level DCI Alt 1 (Group common slow DCI and UE specific fast DCI)
Group common slow DCI is realized by PDCCH, which located in legacy PDCCH region. UE specific fast DCI is realized by sPDCCH, which is located in every sTTI. It is shown in Figure 2. 
For example, DCI contents can be indicated following manner.
- Group common DCI indicates group common resource block assignment /RV and UE specific TPC command/SRS request CSI request. 
- UE specific fast DCI indicates MCS, MIMO related information, HARQ process number and NDI.
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[bookmark: _Ref450760885]Figure 2 Two-level DCI Alt1

Two level DCI Alt 2 (UE specific slow DCI and UE specific fast DCI. Slow DCI in PDCCH region)
UE specific slow DCI is realized by PDCCH, which located in legacy PDCCH region. UE specific fast DCI in sPDCCH is realized by sPDCCH, which is located in every sTTI. It is shown in Figure 3.
For example, DCI contents can be indicated following manner.
- Slow DCI indicates Resource block assignment, MCS, SRS request, TPC command, MIMO related information, RV and CSI request.
- Fast DCI indicates HARQ process number and NDI.
For RV, if it is better to set different values for multiple HARQ process in a subframe, it should be indicated by Fast DCI. If common RV value in a subframe has no problem, it would be indicated by slow DCI. 
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[bookmark: _Ref450760932]Figure 3 Two-level DCI Alt2

Two level DCI Alt 3 (UE specific slow DCI and UE specific fast DCI. Slow DCI in PDCCH and sPDCCH region)
It is shown in Figure 4. The contents of DCI are same as Alt2.
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Figure 4 Two-level DCI Alt3

The comparison of single level DCI and alternatives of two-level DCI is shown in Table 1.

Table 1 The comparison of single level DCI and two-level DCI 
	
	Single-level DCI
	Two- level Alt 1
	Two- level Alt 2
	Two- level Alt 3

	Overhead in case multiple sTTIs are assigned to single UE
	Large
	Low
	Larger than Alt1
	Larger than Alt1

	Flexibility of resource allocation
	Full flexibility
	In case of multiple UEs, several sTTI is blocked.
	
	Higher flexibility

	Latency of initial DL data transmission
	Short delay
	Short delay
	Larger than the other option because to slow DCI is dedicated and located in PDCCH region.
	Short delay

	Blind decoding for USS
	USS in PDCCH for 1st TTI and each sTTI SS
	Group common SS and each sTTI SS 
	USS in PDCCH for slow DCI and 
each sTTI SS from second TTI
	USS in PDCCH for slow DCI and each sTTI SS for slow or fast DCI

	Power reduction of blind decoding
	
	When UE doesn’t detect group common SS, UE can skip to monitor each sTTI SS
	When UE doesn’t detect slow DCI in PDCCH, UE can skip to monitor each sTTI SS
	




For 1 slot sTTI, the overhead reduction of two-level DCI has small gain. Therefore, single level DCI is preferable to support full flexibility of resource allocation.
For 2 OFDM symbols sTTI, two-level DCI has gain to reduce overhead. The alt 1,2 and 3 should be studied.

[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Proposal 1: Single level DCI should be used for 1slot sTTI. Two-level DCI should be used for 2 symbols sTTI.

sPDCCH monitoring configurations

In above two-level DCI alt1, sPDCCH regions can be allocated by group common DCI.  In other alternatives, for sTTI UE, sPDCCH regions should be indicated by UE specific RRC signalling like a EPDCCH/MPDCCH configuration or indicated by group common DCI like a LAA and eIMTA. If group common DCI indicates sPDCCH region in every subframe, UE can skip sPDCCH monitoring when the group DCI is not detected in PDCCH. 
BD times may be a concern as UE may have to monitor PDCCH/EPDCCH and sPDCCH in each sTTI in the same subframe. When UE detects DCI masked by C-RNTI/SPS-C-RNTI in CSS or USS in PDCCH, UE can fallback to legacy TTI length. If UE only monitors CSS in PDCCH, dynamic fallback is via CSS in PDCCH. So it depends on search space design. The eNB could dynamically control UE’s fallback behaviour just like intra-TM switching.
There would be several possibilities on search space design,
1) CSS in PDCCH +(group CSS in PDCCH) + USS sPDCCH
2) CSS and USS in PDCCH+(group CSS in PDCCH)  + USS in sPDCCH
3) CSS PDCCH +(group CSS in PDCCH) + USS EPDCCH + USS sPDCCH
Here sPDCCH is transmitted in PDSCH region. 
Proposal 2: RAN1 should discuss search space design to support both non-sTTI and sTTI.

In addition, in order to protect several UL and DL subframes for other purposes (ICIC, CoMP, D2D or eMTC), valid subframe induction to sTTI UE may be considered. It is TDM manner based on a subframe. By so, the effect of latency reduction is limited. However there are several merits. When the valid subframe indication is introduced, the valid DL subframe and valid UL subframe don’t need to be aligned for the timing of sTTI. The timing of sPDCCH to sPUSCH and sPDSCH to sPUCCH can be adjusted without additional indication in DCI. In addition, the false alarm on sPDCCH can be reduced.
Proposal 3: RAN1 should discuss whether valid subframe needs to be introduced for sTTI.

Conclusion
In this contribution, we discuss single level DCI /two-level DCI and sPDCCH monitoring configurations. We propose 
Proposal 1: Single level DCI should be used for 1 slot sTTI. Two-level DCI should be used for 2 symbol sTTI.
Proposal 2: RAN1 should discuss search space design to support both non-sTTI and sTTI.
Proposal 3: RAN1 should discuss whether valid subframe needs to be introduced for sTTI
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