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1 Introduction

In RAN1#87 the following aspects related to the configuration of a common search space (CSS) for scheduling one or more of system information, random access messages, or paging were agreed.

Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling

· Other solution is not precluded
Agreements:
· The reference signals in at least one search space do not depend on the RNTI or UE-identity

· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity

· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly
This contribution considers configuration and functionality aspects for the CSS that a UE monitors for scheduling one or more of system information, random access messages, or paging. 
2 CSS Configuration and Functionality
From the agreement in RAN1#87, the possible signaling choices for the CSS configuration is through the MIB, SIB1 (aka minimum SIB), or through implicit signaling. Then the following can be considered.

a) MIB informs the configuration of CSS. Then, SIB1 can be scheduled by NR-PDCCH transmitted in the CSS similar to SIB1 for non-BL/CE UEs in LTE. MIB overhead increases but the number of required bits to configure the CSS in the DL system BW can be small, e.g. 2, and is not expected have a material impact on the overall MIB BLER. Scheduling of SIB1 is beneficial at least when SIB1 can have variable TBS and there is no beam-sweeping for transmitting NR-PDCCH and SIB1. 

b) SIB1 informs the configuration of CSS. This can allow additional flexibility in the CSS configuration but it is unclear whether it is needed. If SIB1 can have variable TBS (due to existence of optional fields such as ones related to multi-beam operation or due to varying number of PLMN IDs), the TBS can be indicated in the MIB as for BL/CE UEs in LTE but, for single-beam operation, this diminishes any benefit from having the CSS configuration in SIB1 and results to different MIB contents in different SI modification periods. If SIB1 does not have variable TBS, the PRBs used to transmit SIB1 need to either be signaled in the MIB (this is practically equivalent to configuring the CSS BW in the MIB) or they can be implicitly derived, for example based on the PCID and the DL system BW (as for BL/CE UEs). In the latter case, there is little difference between implicitly deriving the PRBs for the SIB1 transmission and implicitly deriving the PRBs for the CSS. 

c) CSS configuration is implicitly derived from initial access information such as the PCID and the DL system BW (e.g. similar to the configuration of PRBs for SIB1 transmission to BL/CE UEs). The trade-off is the absence of signaling overhead vs. the limited configuration flexibility.   

d) An important consideration is whether or not SIB1 is scheduled by NR-PDCCH [1]. When beam sweeping is not used, scheduling by NR-PDCCH is preferred as it provides the most efficient operation in selecting PRBs and TBS for SIB1 transmission. When beam sweeping is used for SIB1 transmission, scheduling by NR-PDCCH introduces additional latency and a similar approach as for SIB1 scheduling for BL/CE UEs can be considered. As beam sweeping is typically expected for carrier frequencies above 6 GHz, a large BW is available and reduced flexibility in indication of PRBs or TBS for SIB1 transmission is less important to latency reduction due to multi-beam operation.
Proposal 1: The CSS configuration is indicated by MIB for single-beam SIB1 transmission and by SIB1 for multi-beam SIB1 transmission.
Another aspect related to the CSS configuration is the numerology used for scheduling of SIB1, RAR/Msg3 retransmissions/Msg4, and possibly paging. Configuration of UE-specific numerology (or UE-group specific numerology) may be associated with a particular service type for a UE or with a UE speed as this relates to BLER achieved for high MCS. Such reasons are not applicable for the purposes of the CSS and a single CSS configuration suffices. The numerology used for NR-PDCCH transmissions on the CSS can be the numerology associated with initial access. In the rare case that a UE needs to receive both NR-PDCCH on the CSS (e.g. for a random access message scheduling) and NR-PDCCH on a UE-DSS with different numerology, prioritization rules can apply (e.g. similar to BL/CE UEs) to limit the UE complexity in case the UE is not capable of multiple FFT filters (e.g. non-CA capable UE) and it can be generally expected that a scheduler can avoid such events. 
Having a single CSS also enables a single random access procedure by all UEs and avoids fragmentation of resources (e.g. RA preambles), improves multiplexing capacity (e.g. for UEs that can be addressed by a single RAR message), and reduces overhead associated with having multiple CSS, with potentially multiple configurations indicated in the MIB, and with additional signaling in SIB to indicate CSS configurations according to numerology. 
Therefore, it is much more efficient for the system operation to be as for non-BL/CE UEs in LTE rather than to be as for BL/CE UEs in LTE an incur all associated drawbacks that were necessary due the UE reception BW limitations (different numerologies in NR = different coverage enhancement levels for BL/CE UEs in LTE). A single CSS is also necessary for relatively small DL system BWs in order to avoid confining a CSS in a very small BW and avoid compromising NR-PDCCH BLER or avoid having a TDM-based CSS access for UEs. 
Proposal 2: A single CSS is used to schedule system information, random access messages, and possibly paging.
NR operation resembles eMTC/NB-IoT operation in the sense that a UE with a given maximum Tx/Rx BW capability may need to operate within a larger DL/UL system BW. Therefore, as for eMTC in LTE, CSS configuration can be through sub-bands (or ‘narrow-bands’) within the DL system BW. To avoid materially penalizing UEs with large Rx BW capability from having to share a CSS with UEs with small Rx BW capability, a minimum Rx BW capability can be assumed to be large enough, such as 5 MHz, for scheduling SI and random access messages. UEs with smaller Rx BW capability (e.g. mMTC UEs) can be treated separately using sub-bands with BW smaller BW (as in LTE).  
Proposal 3: CSS design in NR Phase 1 assumes a minimum UE reception BW capability of at least 5 MHz.

At least for UEs with limited reception BW capability, such as smaller than or equal to 20 MHz, it should be possible for CSS and UE-DSS to coexist in the same BW [2]. NR-PDCCH transmissions on the CSS and distributed NR-PDCCH on the UE-DSS can be over the entire BW of the DL control resource set and can use the same DMRS. In addition to DMRS overhead reduction, a UE will not need to switch sub-bands for monitoring CSS and UE-DSS thereby avoiding retuning delays and prioritizations of receptions that exist for eMTC UEs. Whether or not DMRS phase continuity can be assumed by a UE across different slots can depend on whether or not a gNB transmits localized NR-PDCCH to UEs in the sub-band. Further, UEs may not assume that DMRS transmission on a CSS sub-band is present in all slots.      
Proposal 4: A gNB indicates to UEs whether or not phase continuity can be assumed for DMRS transmissions in a CSS sub-band.
3 Conclusions

This contribution considered configuration aspects for NR-PDCCH and proposes the following. 
Proposal 1: The CSS configuration is indicated by MIB for single-beam operation and by SIB1 for multi-beam operation.
Proposal 2: A single CSS exists for scheduling system information, random access messages, and possibly paging.
Proposal 3: CSS design in NR Phase 1 assumes a minimum UE reception BW capability of at least 5 MHz.

Proposal 4: A gNB indicates to UEs whether or not phase continuity can be assumed for DMRS transmissions in a CSS sub-band.
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