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1. Introduction

In RAN1 #87 meeting, there was discussion on DL control channel in new radio access technology (NR) and the following agreements were made [1]:

	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


In this contribution, we discuss common search space (CSS) and UE specific search space (USS) for NR system.
2. Discussion

As agreed in the RAN1 #86bis meeting, a UE monitors control in one or multiple control subbands in frequency domain. In time domain, as discussed in our companion contribution [2], we consider control region can span more than one OFDM symbol. We can call a control region where a UE monitors control information as time/frequency resource unit. In this contribution, CSS region denotes time and frequency resource where at least UE common DCI is transmitted and monitored. USS region denotes time and frequency resource where UE specific DCI is transmitted and monitored.
2.1. CSS region
As shown in the above agreements from RAN1 #87 meeting, there is a SS region containing at least one search space which is obtained from MIB/SI or implicitly derived from initial access information. In our view, the SS region can be used as CSS region and can support control channel information for initial access such as scheduling DCI for RAR. For example, if gNB transmits a DCI for scheduling RAR (random access response), UE expects that the RAR would be transmitted in the cell specific CSS region. More generally, UE may expect detection of DCI(s) in the cell specific CSS region.

· SIB (system information block)

· RAR (random access response)

· Msg. 4

· Paging and/or system information update

· SC-PTM / MBMS

· TPC

Considering that cell-specific CSS region can be used for any UEs including RRC_IDLE UEs in a NR cell, frequency resource of CSS region may be bounded up to the minimum UE bandwidth (e.g., 5 MHz). At least for certain information such as paging, and SIB, CSS resource bandwidth may not exceed minimum UE bandwidth. If system bandwidth is much larger than minimum UE bandwidth, more than one cell-specific CSS regions can be assigned for increase of control capacity and load balancing. If multiple cell specific CSS regions are configured by network, each of cell specific CSS regions can carry different type of common control information. For example, cell specific CSS regions for RAR, SIB, paging, and Msg. 4 can be separately determined as shown in Figure 1. As control for common data is shared by multiple UEs where some UEs may not read the control or data (e.g., RAR is read only by UEs which have sent PRACH), CSS region may need to be reserved from data rate matching perspective. If CSS and data are TDM-ed, this implies that data may not utilize the OFDM symbol(s) where CSS resource is configured regardless of common data scheduling. To utilize unused resource, it is thus necessary to indicate dynamically the starting symbol for data transmission. On the other hand, if CSS and data can be FDM-ed, unused resource for CSS can be used for data scheduling via regular data scheduling. To allow efficient resource utilization, multiplexing of CSS with data region in FDM manner can be further considered.
Proposal #1: In NR system, bandwidth of cell-specific CSS region at least for SIB and RAR would be smaller than or equal to minimum UE bandwidth.

Proposal #2: In NR system, one or multiple cell-specific CSS region can be supported for DL control.
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Figure 1. An example of multiple CSS regions
Moreover, if frequency location of CSS region changes from the center of frequency block where synchronization signals were identified, necessary retuning overhead and frequency error/tracking aspects should be further considered. Generally, if minimum UE bandwidth is sufficiently large, it could be desirable to configure CSS region for initial access in the same frequency range where synchronization signals are transmitted.
In NR system, it was also discussed that UE bandwidth can be different from a system bandwidth (i.e., UE bandwidth can be smaller than system bandwidth). In this case, there can be a case where cell-specific CSS region is not included in receiving UE bandwidth if a UE is reconfigured to different frequency location for load balancing. For example, gNB can configure frequency location of receiving UE bandwidth for a UE and it may not include cell-specific CSS region. Then, the UE may need to change RF bandwidth for reception of UE common DCI in the cell-specific CSS, and thus a UE may not be able to monitor both simultaneously. To support this case, TDM between CSS and USS region may be necessary. It can lead frequent retuning overhead if time granularity is small and may lead latency in getting common data if time granularity is large. Alternative solution to avoid this inefficiency is to configure additional CSS region within UE bandwidth. It can be considered to introduce UE (or UE group) specific CSS which can be UE (or UE group) specifically configured by gNB. In other words, a UE may acquire common control scheduling common data from different search space before and after RRC-connection. To avoid confusion, we can name this additional CSS as UE (or UE group) specific CSS region (U-CSS region). In UE (or UE group) specific CSS region, same types of DCI(s) in cell specific CSS region can be transmitted possibly except for RACH related DCI(s). In RACH procedure, as the network may not know UE identity, it may switch back to initial CSS region.
Proposal #3: In NR system, UE (or UE group specific) CSS (U-CSS) region can be considered for UEs supporting smaller bandwidth than system bandwidth.

2.2. USS region
Considering the forward compatibility requiring reduction of the fixed DL resource reservation and the control reliability by mitigating potential inter-cell interference to the control channel transmission, it would be beneficial to support UE specifically configurable USS region in NR system. Moreover, configuration of more than one USS region can also be considered for various reasons. One example is that different resource mapping can be configured for different USS regions. Another benefit could be that each USS can provide complementary fall-back operation for the other USS. For example, assuming there are two USS regions (i.e., USS region A, USS region B), for reconfiguration of USS region A, configuration messages and data transmission can be scheduled via USS region B.
Proposal #4: In NR system, one or multiple USS region(s) which are configurable by network can be considered.

For DM-RS in USS region, whether UE specific DM-RS is applied or shared/common DM-RS is applied can be also configurable by network. For example, one USS region among multiple USS regions (or a part of single USS region) can be semi-statically or dynamically configured to use shared DM-RS. Furthermore, the USS region (or the part of USS region) with shared/common DM-RS can also be utilized for U-CSS region. As U-CSS is shared by multiple UEs, it seems natural to consider utilizing shared DM-RS in U-CSS region. In case where U-CSS and USS are configured within a UE bandwidth, there could be multiple approaches to partition them. First approach is to separately configure control subband for U-CSS and USS within UE bandwidth. In case UE bandwidth is small, disjoint separation between U-CSS and CSS may be inefficient. Also, sharing DM-RS between distributed resource mapping USS and U-CSS may not be easily possible. Another approach is to share the same SS where U-CSS and USS may search different candidates (similar to PDCCH). This approach may be doable when U-CSS and USS can share DM-RS not to increase UE complexity. When multiple USS regions can be configurable, it can be considered to assign one USS to be shared with U-CSS. Figure 2 depicts an example case where cell-specific CSS, U-CSS and USS coexist.
Proposal #5: In NR system, SS regions configured with shared/common DM-RS can be shared for USS and U-CSS.
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Figure 2. An example of CSS and USS
3. Conclusion
In this contribution, we discussed CSS and USS for NR system and the following proposals were made:
Proposal #1: In NR system, bandwidth of cell-specific CSS region at least for SIB and RAR would be smaller than or equal to minimum UE bandwidth.

Proposal #2: In NR system, one or multiple cell-specific CSS region can be supported for DL control in initial access stage.

Proposal #3: In NR system, UE (or UE group specific) CSS (U-CSS) region can be considered for UEs supporting smaller bandwidth than system bandwidth.

Proposal #4: In NR system, one or multiple USS region(s) which are configurable by network can be considered.

Proposal #5: In NR system, SS regions configured with shared/common DM-RS can be shared for USS and U-CSS.
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