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1. Introduction
In RAN1 #88 meeting, there were discussions on search space design in new radio access technology (NR), and the following agreements were made [1]: 
	Agreements:
· Multiple control resource sets can be overlapped in frequency and time for a UE.
· A search space in NR is associated with a single control resource set 
· The search spaces in different control resource sets are defined independently
· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces
Agreements:
· Further study the following alternatives:
· Alt 1: For a given control resource set, there is only one CCE to REG mapping scheme. 
· Alt 2: For a given search space, there is only one CCE to REG mapping scheme.



In this contribution, we will discuss about the CSS configuration for wideband operation in NR system.
2. Discussions 
Subbands and UEs in wideband system
In NR wideband system, there are UEs with different bandwidth capability which can be smaller or equal to the system bandwidth. In case there are UEs supporting smaller bandwidth than system bandwidth, configuration of CSS which is shared by multiple UEs may not utilize the entire system bandwidth. One simple approach is to configure bandwidth of CSS sufficiently small such that all UEs in the cell can access it. The potential drawback of this approach is that this cannot avoid CSS overloading case and also it cannot effectively handle narrowband UEs monitoring different frequency regions within the system bandwidth. When there are multiple narrowband UEs, it is desirable to distribute UEs in different frequency regions for load balancing. When UEs are distributed within system bandwidth where different UEs having different bandwidth, for handling of resource allocation, reconfiguration of frequency region, handling of CSS, etc., it can be considered to partition system bandwidth in to a set of subbands as illustrated in Figure 1. 
Figure 1 shows an example of a wideband with four subbands which may have the same or different size and numerology. Depending on UE capabilities (e.g., many narrow band UEs), the network may determine the subband structure. The subband structure can be indicated via such as MIB to assist UE to perform necessary frequency retuning, acquiring CSS information, interpreting resource allocation, etc. One of the subband is assumed to be anchor subband which contains initial-access SS block such as PSS/SSS and PBCH. In other words, anchor subband is the frequency region which can be accessed by UEs even in RRC_IDLE or without any assisting information in cell search. 

Observation1: In wideband system, there are many UEs with different capable BW. 
Proposal1: In wideband system, an anchor band with initial SS block can be considered for all UEs’ initial access.


Figure 1 UEs with different BW in a wideband system

CSS configuration
In the wideband system as mentioned above, there are many different BW UEs communicating with the network as illustrated in Figure 1. Let’s say there are four UEs in the network, and at time t1 like Figure 1(a), they all access the network from the anchor band and all of them will monitor subband 2, and some UEs like UE3 and UE4 will also monitoring other subbands. With changing of the environment, network may reschedule UEs’ monitoring band by some reasons, so at time t2, the UEs’ monitoring state is like in Figure 1(b), where UE1 monitors a part of subband 1, UE2 will monitor full part of subband 1, UE3 and UE4 will monitor not only subband 1 but also other subbands. In terms of CSS configuration, at time t1, one simple approach is to use CSS configured within subband 2 for all UEs. At time t2, as subband 2 is not accessible by UE1 and UE2, it would be necessary to either reconfigure CSS in subband 1 or configure another CSS in subband 1. If CSS is configured in a way similar to legacy system, there will have some problems, like waste resources or some UEs cannot detect CSS. 
There are several ways to configure the search space in a wideband system. 
Option 1) CSS can be configured individually in each subband. A UE is configured with one of CSSs if it can access multiple subbands. 
Option 2) CSS can be configured in a set of subbands where UEs can access partial or full of the configured CSS.
Option 3) From a UE perspective, one or multiple CSSs with different resource set spanning different subbands can be configured.  

The network can configure CSS for each subband like option 1, so every UE can detect CSS. Figure 2 shows an example for option 1. In this case, for wideband UEs like UE3 and UE4, network has to inform which CSS each UE needs to monitor to avoid any duplication or misbehavior. For example, CSS in subband 1 can be shared by UE1/UE2 and CSS in subband 3 can be shared by UE3 and UE4. 


Figure 2 CSS configuration option 1

As shown in Figure 2, when CSS in subband1 is shared between UE1 and UE2, the bandwidth of CSS would be smaller or equal to the bandwidth of UE1. If there are UEs with very small bandwidth support (e.g., 20 MHz whereas other UEs support 100 MHz), to support such small bandwidth UEs, all other UEs who share the same CSS may be configured with small bandwidth CSS as well. This would be inefficient from wideband UEs. 
To address such inefficiency, another approach is to consider that CSS can be configured across a set of subbands (particularly when subband size is small) and UEs may access partial or full CSS depending on its bandwidth capability. By distributing CCEs across subbands, if a UE can access only partial CSS, it may be able to access only partial CCEs and other inaccessible resources are treated as if “rate matched”. This could lead lower AL to UEs accessing only partial CSS compared to UEs accessing full CSS. Figure 3 shows an example for option 2. In Figure 3, it is assumed that one CSS is configured across subband 1 and 2 and CCEs are indexed as shown in Figure 4. For example, with candidate 0 with AL = 4 (i.e., CCE 0 – 3), UE1 and UE 2 can access CCE 0 and 2, and CCE 1 and 3 would be rate matched which can lead effective aggregation level of 2. UE 3 can access all CCEs, thus, effective aggregation level of 4 can be achieved. In other words, depending on UE’s supporting bandwidth, different set of AL for CSS may be monitored. 


Figure 3 CSS configuration option 2 (AL = 4)



Figure 4 CCE indexing mechanism

[bookmark: _GoBack]To address the drawback of Option 1, another option is to configure multiple resource sets for CSS depending on UE bandwidth capability. Figure 5 shows an example of option3. There are four UEs in the system, and network can set a part of CSS in a region which are shared by most of UEs just like CSS1-1 in Figure 5. Network can set additional CSS like CSS1-2 in Figure 5 for wider BW UEs based on UEs’ needs and their capabilities. The additional CSS can be used for group common signaling and wider BW UEs can also get frequency diversity gains from additional CSS. Instead of assigning different aggregation levels for UEs with different bandwidth capability, Option 3 may allocate different number of BDs to multiple resource sets such that wideband UEs can perform BDs across small and wideband CSS resource sets. 
Option 3 can be also considered for fallback or CSS reconfiguration. For example, the bandwidth of CSS is changed from 20 MHz to 5 MHz, during the reconfiguration, fallback operation is not guaranteed due to CSS change. To avoid this case, a UE can be configured with two resource sets when 20 MHz is configured e.g., 5 MHz and 15 MHz, where each CSS may reconfigure the other CSS (e.g., 5MHz reconfigure 15 kHz CSS to 0 length CSS).  


Figure 5 CSS configuration option 3

Proposal2: Further investigation on CSS configuration to efficiently support narrowband and wideband UEs is necessary.
Proposal 3: Consider allocating different AL set or multiple resource sets for UEs with different bandwidth capabilities (i.e., Option 2 or Option 3). 

3. Conclusion
In this contribution, we discuss CSS configuration in a wideband system, and followings are proposed;
Observation1: In wideband system, there are many UEs with different capable BW. 
Proposal1: In wideband system, an anchor band with initial SS block can be considered for all UEs’ initial access.
Proposal2: Further investigation on CSS configuration to efficiently support narrowband and wideband UEs is necessary.
Proposal3: Consider allocating different AL set or multiple resource sets for UEs with different bandwidth capabilities (i.e., Option 2 or Option 3). 
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