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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. The considered topics relate to the following issues:
· CORESET#0 default values
· PDCCH mapping
· PDCCH scrambling
· PDCCH DMRS initialization
· PDCCH coexistence with SSB.
The agreements under NR PDCCH structure AI made in RAN1 #AH1801 are summarized in the APPENDIX A.
CORESET#0 default values
In RAN1#91 it was agreed that RMSI PDCCH REG bundle size is fixed to 6 PRBs. One of the remaining issues related to PDCCH structure and transmission configuration is whether interleaved or non-interleaved CCE-to-REG mapping is used for RMSI CORESET. Link-level simulations were performed to evaluate PDCCH detection performance when RMSI PDCCH utilizes interleaved or non-interleaved transmission. Simulation assumptions and results are presented in APPENDIX B. As a general observation, interleaved mapping performs always at least as well as non-interleaved. The larger the ratio between CORESET size and PDCCH allocation the better interleaved mapping does compared to non-interleaved option. Consequently, gain is at largest with aggregation level 4 and large CORESET size. There is no remarkable difference between 2-row or 3-row interleaver.
Based on common understanding in NR AH1801, PDCCH interleaver captured in TS 38.211 does not work correctly if C is non-integer (i.e. the number of REG bundles is not divisible by (LR)). The problem was fixed by limiting the CORESET configurability accordingly: “The UE is not expected to use non-integer number for C”. It can be noted that 2-row interleaver can support all CORESET#0 default values with integer number of C whereas this is not the case with 3-row interleaver. Hence, in order to cope with a single solution, 2-row interleaver should be selected as the default value for CORESET#0 interleaver.
Proposal 1: Adopt interleaved CCE-to-REG mapping for CORESET#0.
Proposal 2: Use 2-row interleaver for interleaved CCE-to-REG mapping for CORESET#0.

One of the open issues is which PDCCH DMRS option to select for CORESET#0. Based on the agreement made in RAN1 #90bis, NR specification supports two configuration options for PDCCH precoder granularity in frequency. In these options, precoder granularity in frequency
i) equal to the REG bundle size in the frequency domain; or
ii) equal to the number of contiguous RBs in the frequency domain within the CORESET. 
In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped. 
[bookmark: _GoBack]When comparing two DMRS options from CORESET#0 point of view, it can be noted that Option i) is clearly the better option for CORESET#0. First of all, almost all link performance results presented until now, including those used for NR PDCCH parametrization, are based on the narrowband RS (Option i). Therefore, there is no common understanding on the PDCCH performance with WB RS (Option ii). Secondly, the WB RS suffers from the lack of Tx/antenna diversity especially when the CORESET#0 size in frequency is the smallest (i.e. 24 PRBs). This is due to the fact that, in the COREST#0 scenario all REGs are within the set of contiguous RBs of the CORESET. This means that there is no room for precoder cycling, and the link performance corresponds to a single antenna transmission. Therefore, PDCCH link performance especially in the cases suffering from the lack of frequency diversity is significantly worse compared to that of Option 1. Thirdly, WB RS will worsen the coexistence between overlapping CORESETs. Based on the discussion, we propose that option i) should be selected for CORESET#0.
Proposal 3: For CORESET#0, precoder granularity equals to the REG bundle size in the frequency domain.

PDCCH mapping
[bookmark: _Toc500952726]The way how PDCCH mapping to physical resources is captured in TS 38.211, Section 7.3.2.5 is shown below.

7.3.2.5	Mapping to physical resources






[bookmark: _Hlk498433213]The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements  in increasing order of first , then , in the resource-element groups used for the monitored PDCCH. The antenna port  .

Based on the contributions submitted to RAN1 #AH1801, there seems to be different interpretations how the mapping should work. We think that the current standard text is clear and the only reasonable way to interpret it to made it according to the example shown in Figure 1: frequency-first, time second for REGs allocated for PDCCH being monitored. The example in Figure 1 illustrates a scenario where the monitored PDCCH consists of 2 CCEs (CORESET size = 3 OFDM symbols, REG bundle size = 3 REGs). In addition, this type of mapping would be beneficial, if one or more CCE of a PDCCH candidate are dropped due to a collision with e.g. SSB or other reserved resource. Polar code block is not interleaved before being mapped to PDCCH, therefore interleaved mapping of PDCCH to allocated CCEs/REG-bundles wold provide additional robustness in case of the collision.

One of the agreements made in RAN1 #AH1801 was “DMRS sequence for PDCCH is generated per symbol”. It is beneficial to align resource elements mapping between PDCCH and PDCCH DMRS. In that sense, the current standard text captured in Section 7.3.2.5 of TS 38.211 and the corresponding agreement made for DMRS generation are well aligned. 

Observation 1: The PDCCH mapping captured in Section 7.3.2.5 of TS 38.211 should be interpreted as: “frequency-first, time second for REGs allocated for the monitored PDCCH”.

[image: ]
Figure 1. An interpretation of the current PDCCH mapping, 2 CCEs.


PDCCH scrambling
The following agreements related to DMRS generation were made in RAN1 #AH1801:
Agreements:
· Adopt following text proposal for PDCCH scrambling (TS38.211 Section 7.3.2.3)
==
The scrambling sequence generator shall be initialized with

where

-	 equals the higher-layer parameter Control-scrambling-Identity if configured and RNTI is equal to C-RNTI,  otherwise, and
-	 is C-RNTI for PDCCH in USS, while is 0 for PDCCH in CSS.
Companies can check whether the above agreements are consistent with previous coding discussion/agreements or not

We think that  -specific term in the PDCCH scrambling initialization does not provide any benefits. This was also the spirit of the discussion in the channel coding AI, which concluded that C-RNTI specific scrambling does not need to be introduced. Based on that it makes sense to formulate PDCCH scrambling (TS38.211 Section 7.3.2.3) in the following way:
==
The scrambling sequence generator shall be initialized with
   

where
-	 equals the higher-layer parameter Control-scrambling-Identity if configured and RNTI is equal to C-RNTI, and

-   otherwise, and
-	 is C-RNTI for PDCCH in USS, while is 0 for PDCCH in CSS.



Proposal 4: Remove  -specific term from the PDCCH scrambling initialization agreed in RAN1 #AH1801. 

PDCCH DMRS initialization
The following agreements related to DMRS generation were made in #AH1801.
 Agreements:
· DM-RS sequence for PDCCH is initialized with an equation with at least symbol index, slot index, and the ID.
· FFS: further randomization to avoid consistent collisions over frames.
· DMRS sequence for PDCCH is generated per symbol.

The FFS point above relates to DMRS generation: how to avoid consistent collisions over frames especially in the case of CORESET#0? We think that the simplest and preferred way to ensure sufficient randomization between different cells it is to have included in the equation defining the parameter cinit , for example





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

· 
 is given by the higher-layer parameter PDCCH-DMRS-Scrambling-ID if provided 
· 
 otherwise.
 
Proposal 5: Include  in the equation defining the parameter cinit.

PDCCH coexistence with SSB
The SSB transmitted in the slot may start in NR from 3rd symbol of the slot, on the other hand NR supports CORESET of up 3-OS. In addition, mini-slot CORESETs can overlap with transmitted SSB. Therefore, we think it is essential that a behavior is specified for the cases where SSB collides with a CORESET [3].  
We think that the preferred behavior should (i) not have any impact on the CORESET structure or PDCCH code-block generation (ii) should be of low implementation and standardization complexity. Therefore, we propose that the mapping of a PDCCH into CCEs of a CORESET is not impacted by presence of overlapping SSB, however UE shall assume that gNB didn’t transmit PDCCH via a CCE when the CCE at least partially overlaps with the SSB. As a consequence, the AL1 PDCCH candidates would be fully dropped, while the performance of higher AL PDCCH candidates would be impacted. 
Proposal 6: When decoding a PDCCH candidate, UE shall assume that gNB didn’t transmit PDCCH via a CCE when the CCE at least partially overlaps with the SSB.

	Conclusions
In this contribution, we have discussed remaining details of NR-PDCCH structure. Based on the discussion, we make the following proposals and an observation:
Observation 1: The PDCCH DCCH mapping captured in Section 7.3.2.5 of TS 38.211 should be interpreted as: “frequency-first, time second for REGs allocated for the monitored PDCCH”.
Proposal 1: Adopt interleaved CCE-to-REG mapping for CORESET#0.
Proposal 2: Use 2-row interleaver for interleaved CCE-to-REG mapping for CORESET#0.
Proposal 3: For CORESET#0, precoder granularity equals to the REG bundle size in the frequency domain.
Proposal 4: Remove  -specific term from the PDCCH scrambling initialization agreed in RAN1 #AH1801. 
Proposal 5: Include  in the equation defining the parameter cinit
Proposal 6: When decoding a PDCCH candidate, UE shall assume that gNB didn’t transmit PDCCH via a CCE when the CCE at least partially overlaps with the SSB.
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Appendix-A1 agreements 
Agreements:
· Adopt following text proposal for PDCCH scrambling (TS38.211 Section 7.3.2.3)
==
The scrambling sequence generator shall be initialized with

where

-	 equals the higher-layer parameter Control-scrambling-Identity if configured and RNTI is equal to C-RNTI,  otherwise, and
-	 is C-RNTI for PDCCH in USS, while is 0 for PDCCH in CSS.
Companies can check whether the above agreements are consistent with previous coding discussion/agreements or not

Agreements:
· DM-RS sequence for PDCCH is initialized with an equation with at least symbol index, slot index, and the ID.
· FFS: further randomization to avoid consistent collisions over frames.
· DMRS sequence for PDCCH is generated per symbol.


R1-1801278
Agreements:
· The TP in R1-1801278 for 38.211 is endorsed
· The last sentence is subject to editor’s refinement




Appendix B – Link simulations comparing interleaved and non-interleaved CCE-to-REG mapping for RMSI CORESET
Simulation parameters are provided in Table 3.
[bookmark: _Ref503302734]Table 3 Simulation parameters
	Parameter	
	Value

	Number of TX/RX antennas
	2/2

	Modulation
	QPSK

	Channel
	CDL C 100ns 3 km/h, 120km/h

	Carrier bandwidth
	20 MHz

	Carrier frequency
	4 GHz

	Channel estimation method
	MMSE

	Channel coding
	Polar

	Subcarrier spacing (SCS)
	15 kHz

	DMRS overhead
	25%

	CORESET (frequency [PRB] x time [symbol])
	24x2, 24x3, 48x1, 48x2, 48x3, 96x1, 96x2, 96x3

	Aggregation levels
	4, 8, 16



Performance evaluation results are presented in the following figures. As a general observation, interleaved mapping performs always at least as well as non-interleaved. The larger the ratio between CORESET size and PDCCH allocation the better interleaved mapping do compared to non-interleaved option. Consequently, gain is at largest with aggregation level 4 and large CORESET size. 
	[image: ]
Figure 2 CORESET size 24x2.
	[image: ]
Figure 3 CORESET size 24x3.
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Figure 4 CORESET size 48x1.
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Figure 5 CORESET size 48x2.
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Figure 6 CORESET size 48x3.
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Figure 7 CORESET size 96x1.
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Figure 8 CORESET size 96x2.
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Figure 9 CORESET size 96x3.
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