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1. Introduction
In RAN1 #88bis meeting, there were discussions on search space design in new radio access technology (NR), and the following agreements were made [1]: 
	Agreements:
· For single-carrier operation,
· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE
· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD
· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation
Agreements:
· Support the following: 
· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
· Consider further impact on design for: 
· Reference signals
· Resource Block Group design and CSI subbands



In this contribution, we will discuss about the CSS configuration for wideband operation in NR system.

2. Discussions 
2.1. CSS configuration in wideband system
In RAN1 #88bis meeting, there were discussions on bandwidth part for wideband system. From the working assumption, we can say that 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 BW part structure which could be narrower or wider than a subband. The BW part structure can be indicated via such as MIB to assist UE to perform necessary frequency retuning, acquiring CSS information, interpreting resource allocation, etc. 


Figure 1. UEs with different BW in a wideband system

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. 
There are several ways to configure the common search space in a wideband system to address the above mentioned aspects. 
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, 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’ perspective. 
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

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

Proposal 1: Further investigation on CSS configuration to efficiently support narrowband and wideband UEs is necessary.
Proposal 2: Consider allocating different AL set or multiple resource sets for UEs with different bandwidth capabilities (i.e., Option 2 or Option 3). 

2.2. CSS configuration for initial access
In NR, both single beam and multi-beam operations are supported. Regardless of single or multi-beam operation, from a UE perspective, it could be necessary to indicate which resources to monitor for control channel monitoring. Particularly, in case multi-beam is used, the same control channel may be transmitted over multiple occasions from a UE perspective. A UE needs to identify which occasion to monitor common search space among multiple occasions. In multi-beam operation, it is expected that multiple SS blocks are transmitted where one SS block can be tied with one beam direction. After acquiring the best SS block, it is generally desirable to also acquire minimum SIs from the same beam. As agreed by RAN2, in NR, it is expected that information on CSS for minimum SI is transmitted by PBCH. In terms of configuration, we can consider three approaches. 
Option 1) PBCH in a SS block can indicate information of CSS for minimum SI which shares the same beam direction to SS block.
Option 2) PBCH in a SS block can indicate a set of resources of CSS for minimum SI where beam-sweeping may occur. 
Option 3) PBCH in a SS block can indicate a CORESET where control channel for minimum SI can be transmitted associated with one or multiple beams.
Figure 6 shows an example of option 1, each PBCH can inform control resource set associated with the same beam to PBCH. This approach could lead different contents (e.g., different CORESET time/frequency location for each beam direction) in PBCH, and may not allow flexible scheduling of minimum SI transmission as resource for each beam is rather semi-statically fixed. Whereas this approach would reduce UE burden on CSS monitoring as it needs to monitor only the indicated resource for the target beam. 

 
Figure 6. Indication of control channel for minimum SI (option 1)

Figure 7 shows an example of option 2, PBCH can inform a set of control resource sets for minimum SI reading. A UE can assume that beam sweeping in such configured source occurs, and read corresponding control/data based on beam index acquired in PSS/SSS/PBCH readings. In terms of CORESET configuration, to minimize the overhead of configuration, it can be assumed that same size of control region is assumed for each beam. Assuming beam sweeping, the control region duration of each beam, total control region size, frequency location can be configured. While this approach offers flexibility and same contents in each PBCH, it can increase UE blind decoding. To reduce UE blind decoding, one approach is to configure implicit mapping between SS block and the configured resource. For example, it may be assumed that CSS for each beam is transmitted sequentially within the total control region, and a UE can infer OFDM symbol(s) where corresponding beam would be transmitted based on beam index from SS block. In other words, implicit mapping between SS block and minimum SI’s control resource for a beam is assumed. Similar relationship is also possible between minimum SI’s control resource (or data resource) and other SI or RAR control resource set. Another drawback of this approach is to configure contiguous control regions to accommodate multiple beams which can also affect data scheduling. 

 
Figure 7. Indication of control channel for minimum SI (option 2)

To overcome Option 1 and 2, another option is to indicate the common resource where minimum SI can be scheduled. However, it is up to the network which beam(s) would be used in the configured resource. A UE can monitor the configured CSS until it can acquire minimum SI. 

[bookmark: _GoBack]About other SIB reception, control resource set can be configured separately or just use the same control resource set which is used for minimum SI. When configure different CORESET for other SI, similar approach to configure CORESET for minimum SI can be considered where actual configuration may be done form minimum SI instead of PBCH. When same numerology is used between minimum SI and other SI transmission, a simple way to transmit other SI is to use the same CORESET for minimum SI. If there is no configuration in minimum SI, it is assumed that same control resource for minimum SI is also used for other resource set. In case, different DCI sizes are used for minimum SI and other SI transmissions, it can be further considered to configure at least “periodicity” of monitoring control resource set for other SI transmission which can be different from control monitoring for minimum SI. 

Proposal 3: Indication of CORESET for minimum SI in PBCH should be compact where indication of multiple CORESETs corresponding to multiple beams may not be appropriate. Consider further between Option 1 and 3 for CORESET configuration for minimum SI. 
1) Option 1: Each PBCH configures CORESET of corresponding beam for minimum SI
2) Option 3: Each PBCH configures a CORESET where the network can schedule different beam(s) at different monitoring occasion

3. Conclusion
In this contribution, we discuss CSS configuration in a wideband system, and followings are proposed;
Proposal 1: Further investigation on CSS configuration to efficiently support narrowband and wideband UEs is necessary.
Proposal 2: Consider allocating different AL set or multiple resource sets for UEs with different bandwidth capabilities (i.e., Option 2 or Option 3). 
Proposal 3: Indication of CORESET for minimum SI in PBCH should be compact where indication of multiple CORESETs corresponding to multiple beams may not be appropriate. Consider further between Option 1 and 3 for CORESET configuration for minimum SI. 
1) Option 1: Each PBCH configures CORESET of corresponding beam for minimum SI
2) Option 3: Each PBCH configures a CORESET where the network can schedule different beam(s) at different monitoring occasion
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