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1 Introduction

Configuration aspects for PDCCH monitoring were discussed in previous RAN1 meetings and the following were agreed.

Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols

·  The configuration can indicate the starting OFDM symbol and time duration

· A CORESET is configured with only one CCE-to-REG mapping

Agreements:
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;

· REG bundle is defined in time and frequency-domain

· At least support following:

· Time-first mapping where one of the following is configured

· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration

· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET

Agreements:
UE-specific DL control information monitoring occasions at least in time domain can be configured.
This contribution considers aspects related to PDCCH CORESET configurations. All following aspects concern configurations by higher layers.
2 DL Control Resource Set and Search Space
It has been agreed that CCE-to-REG mapping for a CORESET is supported with and without interleaving. A corresponding configuration by higher layers is therefore needed. 
Proposal 1: A UE is configured by higher layers whether the CCE-to-REG mapping in a CORESET is with interleaving or without interleaving.

For non-interleaved mapping, the REG bundle is the CCE itself (i.e. 6 REGs). The UE should be able to assume the same precoder at least over some REG bundles - further details are provided in [1]. For interleaved mapping, the REG bundle can be 2 REGs for CORESET duration of 1 symbol and equal to the CORESET duration otherwise.  
A next consideration is whether the UE can be configured to assume that a same precoding is used across REG bundles. For example, for a CORESET supporting CSS with UE-common RS or for a CORESET supporting USS with only interleaved PDCCH transmissions in its time/frequency resources (no overlapping with a CORESET for non-interleaved transmissions), there is no reason to always assume that same precoding is limited to only 2 REGs (RBs) in frequency. Allowing the UE to assume same precoding over a larger number of REGs in frequency can significantly improve channel estimation at low SINRs and close the PDCCH coverage gap between LTE and NR. Similar, for non-interleaved CCE-to-REG mapping and PDCCH aggregation level larger than one CCE, there is no reason to always assume different precoding for different CCEs in adjacent frequency resources for the same PDCCH candidate (the opposite is true and is also the case for the EPDCCH). Therefore, for interleaved CCE-to-REG mapping, it should be possible to configure a UE to assume a same precoding over a number of REGs in frequency that is larger than the REG bundle size. For non-interleaved CCE-to-REG mapping, it can be further discussed whether the same precoding can be assumed over all CCEs of a PDCCH candidate or whether configuration is needed.      

Proposal 2: A UE is configured by higher layers a number of REG bundles where the UE can assume same precoding.

Until LTE Rel-12, the number of PDCCH candidates per CCE aggregation level for UE-specific DCI formats was hard-coded in the specifications. This fails to account for UE SINR, UE speed, DCI format size, or operating conditions (e.g. small cell vs. macro-cell or, in Rel-13, licensed spectrum vs. unlicensed spectrum). In eCA and in eLAA, this hard-coding is essentially removed and a network is enabled to configure the number of PDCCH candidates per CCE aggregation level [2] and, to some extent, per DCI format (e.g. candidates for DCI format 0/1A can be enabled/disabled). As in LTE in Rel-13, NR should enable a network to have full control of the distribution to CCE aggregation levels of the UE capability to perform a given number of PDCCH decoding operations.

Proposal 3: A UE is configured by higher layers a number of PDCCH candidates per cell, per CORESET, per CCE aggregation level, and per DCI format.

One main difference of PDCCH in NR and EPDCCH is the absence of common search space (CSS) support for the latter. PDCCH transmissions to a group of UEs can occur prior to connection setup (e.g. for scheduling SIBs or RARs) or after connection setup (e.g. for providing TPC commands for periodic or semi-persistent transmissions of data or control information similar to DCI format 3/3A in LTE, for UE-group common PDCCH, or for potentially other UE-group common functionalities such as the ones for operation on unlicensed spectrum or for SRS triggering similar to LTE for fast carrier switching). At least the CSS a UE monitors after connection setup and a USS need to be within the same CORESET. Further, at least for operation in smaller system BWs, such as 20 MHz or less, the PDCCH design should support time/frequency overlapping for the CORESET of the CSS a UE monitors prior to connection setup should and the CORESET for the USS. This enables the network to configure PDCCH transmissions in NR similar to PDCCH transmissions in LTE. 
Proposal 4: A CORESET for CSS (regardless of whether prior to or after connection setup) and a CORESET for USS can overlap.

Some other aspects from the EPDCCH design that are also meaningful for the PDCCH design in NR are the following:
a) Multiple CORESETs are independently configured to a UE. FFS for maximum number. 
b) The total number of PDCCH blind decoding operations is a UE capability and is independent from the CORESET size or the number of configured CORESETs at a given PDCCH monitoring period.

c) DMRS scrambling sequence initialization is per PRB set in EPDCCH. This enables different CoMP-type transmissions in different PRB sets. However, it is FFS whether a scrambling sequence should also be CORESET specific for PDCCH or even whether a scrambling sequence is used for PDCCH in NR.  
Proposal 5: CORESETs are independently configured by higher layers to a UE. Maximum number is FFS. 
Different CORESETs can be associated with different beam-pair links. As the UE needs to know which receiver beam to use for reception of PDCCHs in a CORESET, the reception beam should be part of a CORESET configuration [3]. 

Proposal 6: A CORESET configuration by higher layers includes a reception beam.  

Finally, regarding the configuration of UE-specific PDCCH monitoring occasions in time domain, the approaches available in LTE for EPDCCH or eMTC (BL/CE UEs) can be a baseline. For EPDCCH, a bit-map is used with same periodicity and size as the ones used for ICIC. This provides most flexible configurability at the expense of signaling overhead (periodicity is also needed). The motivations for introducing EPDCCH monitoring subframes (e.g. avoid special subframes in TDD and PRS, PMCH, or ABS subframes) may not be directly applicable in NR but new reasons can exist such as LTE-NR coexistence, TDM of different services with different numerologies, or reserved resources for forward compatibility. 
For eMTC, the motivation for configuring MPDCCH monitoring occasions is to decrease BL/CE UE power consumption as the applications are typically not delay sensitive and the use of MPDCCH monitoring subframes is similar to fast DRX. Similar considerations can apply for NR. Search space locations for starting subframe 
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 being is one of the configured repetition numbers, 
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 configured by higher layers [2]. For example, assuming PDCCH monitoring per slot and assuming no PDCCH repetitions (
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, as well as each element of bit-map for the EPDCCH approach, can be interpreted relative to a multiple of OFDM symbols.  
Proposal 7: Higher layer configuration of EPDCCH or MPDCCH monitoring subframes in LTE is baseline for configuration of PDCCH monitoring periods in NR.

3 Conclusions

This contribution considered configuration aspects for PDCCH and proposes the following. 
Proposal 1: A UE is configured by higher layers whether the CCE-to-REG mapping in a CORESET is with interleaving or without interleaving.

Proposal 2: A UE is configured by higher layers a number of REG bundles where the UE can assume same precoding.

Proposal 3: A UE is configured by higher layers a number of PDCCH candidates per cell, per CORESET, per CCE aggregation level, and per DCI format.

Proposal 4: A CORESET for CSS (regardless of whether prior to or after connection setup) and a CORESET for USS can overlap.

Proposal 5: CORESETs are independently configured by higher layers to a UE. Maximum number is FFS. 

Proposal 6: A CORESET configuration by higher layers includes a reception beam.  

Proposal 7: Higher layer configuration of EPDCCH or MPDCCH monitoring subframes in LTE is baseline for configuration of PDCCH monitoring periods in NR.
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