
3GPP TSG RAN WG1 Meeting #92bis															R1-1804759
Sanya, P.R. China, April 16th – 20th, 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.

On 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

Our understanding of the current specification text is Alt1. However, in Vancouver, it was agreed that CORESETs are configured per serving cell and CORESETs are tagged in BWPs. And since a CORESET can be tagged in more than one BWP, its configuration should be independent of BWP and should follow Alt2 instead. After CORESET is tagged to a BWP, it inherits numerology of the BWPs. And CORESETs are configured in terms of common RBs (CRBs).
Proposal 2: Correct the following in CORESET configuration:
· Configuration of a user-specific CORESET is independent of BWP 
· CORESET is configured in terms of common RBs (CRBs)
· CORESET inherits numerology a BWP after it is tagged to the BWP.

Text proposal TS38.213 Section 10
	


[bookmark: _GoBack]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 PCRB index. In the DL BWP bandwidth of  PRBs with starting position  the first PRB of the first group of 6 PRBs has index . A group of 6 PCRBs 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. The CRBs are mapped to PRBs of a BWP in the numerology  of the DL BWP where CORESET has been associated.  



Yet another issue is related to configuration of CORESETs on a BWP. The agreements so far can be summarized:
· Dedicated CORESET allocation, in a BWP, is with 6 PRB granularity in 6 PRB frequency grid aligned with common PRB0 of the network carrier.
· CORESET#0 allocation (spanning entire initial active DL BWP) allocation in frequency domain goes in PRB raster, and starting PRB of initial active DL BWP cannot be aligned with common 6PRB grid (with respect to common PRB0)

However, typically, overlapping dedicated CORESET and CORESET#0 would not be aligned, which results in misaligned CORESET structure and increases the blocking between CCEs. 
The misalignment is illustrated in Figure 1, which shows RMSI CORESET (i.e. CORESET#0) which can float anywhere in the PRB grid, as gNB has very limited flexibility to place the RMSI CORESET relatively to position of the SSB. The limited flexibility is achieved by selecting one of the configurations in Table 2, which implicitly defines “Offset RBs” (see the last column of Table 2). 



Figure 2 Illustration of the offset between RMSI CORESET and dedicated CORESET

The misalignment results in following issues in multiplexing of CORESETs
· Overlapping CORESET#0 and dedicated CORESET will have misaligned REG bundles, this causing inefficiency in multiplexing of DCIs.
· Non-overlapping CORESET#0 and dedicated CORESET can result into waste of 3CCE of capacity in case of 3OS long CORESET configurations. 

Table 2 The limited flexibility for the OFFSET in PBCH
[image: ]
In order to align all the dedicated CORESETs and the RMSI CORESET on the network carrier, we propose that the 6PRB grid for CORESET configuration is aligned with PRB0 of CORESET#0 instead of common CRB 0
Proposal 3: Align 6PRB grid for dedicated CORESET configuration with PRB0 of CORESET#0 instead of common CRB 0.
The alignment of the dedicated CORESET configuration grid with PRB0 of CORESET#0 can done for example by computing an offset of the PRB0 of RMSI CORESET with common PRB grid , and the MSB of CORESET configuration bitmap CORESET-freq-dom refers to 6PRB block starting at CRB=, BWPinitstart is PRB0 of the initial BWP (in common PRB indexing) known by all UEs for which the cell operates as Pcell or PScell

	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. 
Proposal 2: Correct the following in CORESET configuration:
· Configuration of a user-specific CORESET is independent of BWP 
· CORESET is configured in terms of common RBs (CRBs)
· CORESET inherits numerology a BWP after it is tagged to the BWP.
Proposal 3: Align 6PRB grid for dedicated CORESET configuration with PRB0 of RMSI CORESET instead of common PRB0.
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.

[bookmark: _Hlk505720451]References 
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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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Index   SS/PBCH block and contro l resource  set multiplex ing  pattern    Number of  RBs 

CORESET

RB

N

 Number of  Symbols  

CORESET

symb

N

   Offset (RBs)    

0   1   24   2   0   

1   1   24   2   2   

2   1   24   2   4   

3   1   24   3   0   

4   1   24   3   2   

5   1   24   3   4   

6   1   48   1   12   

7   1   48   1   16   

8   1   48   2   12   

9   1   48   2   16   

10   1   48   3   12   

11   1   48   3   16   

12   1   96   1   38   

13   1   96   2   38   

14   1   96   3   38   

15   Reserved  

 


