
3GPP TSG RAN WG1 Meeting #93															R1-1806141
Busan, South Korea, May 21st – 25th, 2018

Agenda item:		7.1.3.1.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Remaining details on PDCCH structure
Document for:		Discussion and Decision
Introduction
During RAN plenary #78, the release 15 NR specifications were approved. Furthermore, it was agreed that during the first quarter of 2018, RAN1 will continue to focus on the stabilizing of the basic and essential functionalities within the scope of the December drop. 
This contribution deals with the remaining details of PDCCH structure. We consider the following items in this TDoc:
· PDCCH DMRS initialization
· CORESET configurations

PDCCH DMRS initialization
The sequence generation for PDCCH DMRS is captured in TS 38.211 specification [1] in the following way:

[image: ]


It can be noted that PDCCH DMRS sequence depends on both OFDM symbol number within the slot (l), and the slot number within a frame (). We think that this kind of behavior is not preferred for operation of NR in unlicensed band (NR-U). This is because the gNB is contending for channel access on unlicensed band, gNB needs to have a mini-slot or slot ready for transmission, but it does not know when it will be able to access channel and transmit the prepared mini-slot/slot. When mini-slot structure (including PDCCH DMRS) depends on the absolute time such as OFDM symbol number and/or slot number within a frame, gNB needs to repeatedly re-build mini-slots/slots with the same data while it is contending for channel access. 

A simpler implementation could be achieved if gNB can build a mini-slot/slot only once and then wait for channel access. This is possible if the signal, intended for transition, does not depend on time. From PDCCH DMRS point of view, this can be achieved by defining cinit in such that
· l (OFDM symbol number within the slot) is determined relative to the PDCCH starting symbol of the search space set associated with the CORESET, 
· 
( slot number within a frame) is determined relative to the starting symbol of the channel occupancy time (COT).
To maximize the commonality between NR Rel-15 and NR-U, it makes sense to determine parameter l in the PDCCH DMRS initialization relative to the PDCCH starting symbol of the search space set associated with the CORESET instead of OFDM symbol number within the slot. 
Proposal 1: Determine parameter l in the PDCCH DMRS initialization relative to the PDCCH starting symbol. 

Yet another issue with the DMRS sequence initialization is that PDCCH-DMRS-Scrambling-ID configured in a CORESET is applicable to both USS and CSS. As a consequence, gNB may not operate pseudo-orthogonal multi-user multiplexing of PDCCHs on the same CCE(s) of a CORESET where both CSS and USS are configured. 
Observation 1: Pseudo-orthogonal multi-user multiplexing of PDCCH on the same CCE(s) is currently not possible, if gNB wants to operate both CSS and USS in the same CORESET.
Therefore, we have the following text proposal in TS38.211 to address the above issue:
	[bookmark: _Toc510519405]7.4.1.3.1	Sequence generation
The UE shall assume the reference-signal sequence [image: ] for OFDM symbol [image: ] is defined by
[image: ].
[bookmark: _Hlk500028516]where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
	[image: ]
where [image: ] is the OFDM symbol number in the control resource set within the slot, [image: ] is the slot number within a frame, and
-	[image: ] is given by the higher-layer parameter pdcch-DMRS-ScramblingID if provided and if PDCCH candidate is in user-specific search-space.
-	[image: ] otherwise.




CORESET configurations on a serving cell 



TS38.213 states: “For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter CORESET-freq-dom provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting position  where the first PRB of the first group of 6 PRBs has index . A group of 6 PRBs is allocated to a control resource set if a corresponding bit value in the bitmap is 1; else, if a corresponding bit value in the bitmap is 0, the group of 6 PRBs is not allocated to the control resource set.”
RAN2 configures frequency domain resources using bitmap of 45 bits
[bookmark: _Hlk504372411]frequencyDomainResources				BIT STRING (SIZE (45)),

While the RAN1 specification talks about the one-to-one mapping of bitmap bits to groups of 6PRBs in BWPs. It is not very clear which bit of 45-bit bitmap corresponds to which 6PRB group. For example, in Figure 1, it is not clear whether CORESET would be configured with:
· Alt1: 11111111000000…
· Alt2: 00000111111110…


Figure 1 Example of CORESET configuration
Observation 2: Our understanding of current RAN1 specification text is Alt1.
Furthermore, in TS38.331, the CORESETs are configured on BWPs, using full configurations, i.e. they are not configured per cell, and they are not tagged into BWPs. According to RAN2 status quo, Alt1 is feasible. 
On the other hand, RAN2 status quo does not solve the issue with CORESET0 misalignment with 6PRB grid of dedicated CORESET configuration as discussed in [1] and in the LS [2]. There are several alternatives how to solve the misalignment of CORESET0 and dedicated CORESET.
Alternative 1
For reconfiguration of CORESET0 of initial access, the gNB may use (as a choice) the following IE, which would be associated to cell-defining SSB. 
-- Determines a bandwidth for PDCCH/SIB, a common ControlResourceSet (CORESET) a common search space and necessary PDCCH parameters.
	-- Corresponds to L1 parameter 'RMSI-PDCCH-Config' (see FFS_Specification, section FFS_Section)
	pdcch-ConfigSIB1					INTEGER (0..255), 
Alternative 2
RAN2 may redesign the signalling structure by configuring CORESETs on a serving cell instead of BWP, and tagging them in BWPs instead. This option is very unlikely to happen at this stage. 
Alternative 3
[bookmark: _GoBack]RAN1 may align dedicated CORESET configuration 6PRB grid with the lowest PRB of CORESET#0/ initial BWP, otherwise if initial BWP is not present on the serving cell, 6PRB grid may be aligned with Point A instead. This option does not require any specification changes in RAN2. 
Furthermore, in RAN1#92b, following has been agreed 
Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0

Therefore, if C-RNTI (unicast) is scheduled in CORESET#0, there should be common understanding what is the QCL of the CORESET for unicast. For that, the following IE should be configurable
-- A subset of the TCI states defined in TCI-States used for providing QCL relationships between the DL RS(s) in one RS Set 
	-- (TCI-State) and the PDCCH DMRS ports. Corresponds to L1 parameter 'TCI-StatesPDCCH' (see 38.214, section FFS_Section)
	tci-StatesPDCCH							SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId				OPTIONAL,	-- Need R

Therefore, Alternative 3, which enables full CORESET configuration (including tci-StatesPDCCH) and does not require specification changes in RAN2 would be the preferred alternative.
Proposal 2: Align 6PRB grid for dedicated CORESET configuration with PRB0 of CORESET#0 for serving cells with initial active BWP, otherwise align 6PRB grid for dedicated CORESET configuration with Point A. Inform RAN2 about the decision. 	
	Conclusions
In this contribution, we have discussed remaining details of NR-PDCCH structure. Based on the discussion, we make the following proposals an observation:
Proposal 1: Determine parameter l in the PDCCH DMRS initialization relative to the PDCCH starting symbol. 
Observation 1: Pseudo-orthogonal multi-user multiplexing of PDCCH on the same CCE(s) is currently not possible, if gNB wants to operate both CSS and USS in the same CORESET.
Observation 2: Our understanding of current RAN1 specification text is Alt1 (in Section 3).
Proposal 2: Align 6PRB grid for dedicated CORESET configuration with PRB0 of CORESET#0 for serving cells with initial active BWP, otherwise align 6PRB grid for dedicated CORESET configuration with Point A. Inform RAN2 about the decision. 	
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74111 Sequence generation

The UE shall assume the sequence r(z) is defined by
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where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be

initialized with

27 (147 +1+1) (255 +1)+ 2N Jmod 2

where [ is the OFDM symbol number within the slot, /% is the slot number within a frame, and

- g € (0.1} and N{5™ < {0,1....65535} is given by the higher-layer parameter DL-DMRS-Scrambling-ID if
provided and the PDSCH is scheduled by PDCCH with CRC scrambled by C-RNTI or CS-RNTI

- rgep =0 and NfE® = N otherwise
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