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1 Introduction

During previous meetings, the following working assumptions and agreements on bandwidth part and bandwidth adaptation are achieved.
Working assumption: ‎[1]
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signaled to a UE

· A bandwidth part consists of a group of contiguous PRBs

· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE

· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth

· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties

· Numerology

· Frequency location (e.g. center frequency)

· Bandwidth (e.g. number of PRBs)

· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time

· FFS neighbour cell RRM
Agreement: ‎[2]
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X μs (FFS: value of X)
· FFS the first RF bandwidth is within the second RF bandwidth
· FFS the first RF bandwidth is at the center of the second RF bandwidth
· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth 

· FFS detailed mechanism
· FFS RF bandwidth adaptation for RRM measurement
Agreement: ‎[1]
· For signal-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 frequency range B is TBD

· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation
In this contribution, a unified design for the single wideband carrier operation and intra-band contiguous CA within the wideband spectrum is given. The definition of bandwidth part and its relationship with numerologies, frequency locations and flexible bandwidth will be discussed. The signaling will also be discussed including numerology aspect, and frequency-domain assignment. Both RRC_CONNECED and RRC_IDLE UEs are considered in the discussion.
2 Wideband operation
2.1 Number of subcarriers

In RAN1#88 meeting, it was agreed that at least for single numerology case, the maximum number of subcarriers per NR carrier is 3300 or 6600. 
For mixed numerology case, two alternatives could be considered.
· Alt. 1: The maximum number of subcarriers for EACH SCS per NR carrier is N (3300 or 6600). RAN1 can further define SCS sets that are supported in one carrier.

· Alt. 2: The maximum number of subcarriers for ALL SCS per NR carrier is N (3300 or 6600). 

· If f0*N (3300 or 6600) is not smaller than the carrier bandwidth, then SCS equals to or larger than f0 could be used for the carrier.
Alt.1 gives full flexibility of utilization of each numerology in one carrier, Alt. 2 have some limitation but seems easy for implementation. Table 1 and Table 2 give some analysis on supported SCS set for a given carrier bandwidth with the restriction of the maximum number of ALL subcarriers. 

As shown in Table 2, 15 kHz subcarrier spacing can be supported for 100MHz mixed numerology carrier if N equals to 6600. 
Table 1. The maximum number of subcarriers for ALL SCS per NR carrier is 3300

	Set
	Maximum BW (MHz)
	Supported SCS set (kHz)
	Band

	1
	50
	15,30,60
	< 6GHz

	2
	100
	30,60
	< 6GHz


Table 2. The maximum number of subcarriers for ALL SCS per NR carrier is 6600

	Set
	Maximum BW (MHz)
	Supported SCS set (kHz)
	Band

	1
	50
	15,30,60
	< 6GHz

	2
	100
	15,30,60
	< 6GHz


Proposal 1: For mixed numerology case, the minimum subcarrier spacing supported in one carrier is determined by the carrier bandwidth according to the maximum number of subcarriers. 
2.2 Unified design for wideband carrier and multiple carrier operation
2.2.1 Synchronization

In RAN1#88bis, it was agreed that NR supports single or multiple Sync signal locations in wideband CC. To support a single carrier with 400 MHz, a single Sync signal may not be sufficient for time and frequency domain synchronization with the same degree of accuracy over the carrier. 
In the scenario of intra-band contiguous CA, when the aggregated bandwidth is not much wide, carriers could be considered as synchronized in time and frequency, so no separate synchronization processing is needed in the receiver. Therefore, only one Sync signal could be defined in a default carrier. When the aggregated bandwidth is much wide, multiple Sync signals and corresponding default carriers should be defined. With synchronization to the default carrier(s), UE could be operated on any carrier by the fast carrier switching mechanism ‎[3]

 REF _Ref480309962 \r \h 
‎[4]. One example is given in Figure 1, two Sync signals are located in the wideband CC from gNB side. For UEs operating in intra-band contiguous CA mode, two carriers are non-standalone carriers without Sync signals to reduce overhead, and two carriers with Sync signals could be taken as primary-carrier.
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Figure 1. Sync signals within one wideband CC
Proposal 2: For intra-band CA within the wideband CC, allow carrier(s) without Sync signal, the carrier with Sync signal could be taken as primary-carrier.
2.2.2 Reference signal

Let us define Type A UEs as those operating in intra-band contiguous CA mode and Type B UEs as those operating in single wideband mode. To improve the resource efficiency, flexible MU-MIMO multiplexing of Type A and Type B UEs should be supported. In LTE, the reference signal sequence is independently generated and mapped per CC.  In a given time-frequency resource, if the sequence is not the same for Type A and Type B UEs, the orthogonality may be degraded and RS with OCC could not be utilized. To tackle this issue, as illustrated in Figure 2, in each CC within the wideband CC, Type A and Type B UEs should use the same sequence, so the orthogonality of whole RS within the wideband CC can be obtained.

One possible approach is that the reference signal sequence is generated according to the maximum number of subcarriers in one carrier, i.e. 3300 or 6600. The RS sequence used by one CC within the wideband CC could be truncated from the long sequence by a carrier-specific offset. 
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Figure 2. Reference signal generation and mapping

Proposal 3: MU-MIMO multiplexing of Type A and Type B UEs should be supported. The same reference signal sequence should be mapped in the same time-frequency resource for Type A and Type B UEs.
3 Possible scenarios for bandwidth part
A UE can be configured with one or multiple bandwidth parts at least in one of the following scenarios.

3.1 Bandwidth capability of UEs

It is already an agreement that a UE might not be capable of supporting the entire carrier bandwidth and the bandwidth part can be used to serve such UEs.

3.2 Mixed numerology

UE can be configured with different numerologies corresponding to different services/channel conditions, etc. If the numerologies are multiplexed in FDM fashion, then a UE may be assigned a bandwidth part within one of the numerologies. More generally, a UE may be assigned multiple bandwidth parts each with a different numerology and these bandwidth parts can be used to provide different services for a UE simultaneously during a symbol. It is up to gNB to ensure the bandwidth parts are located such that their aggregated bandwidth does not exceed the bandwidth capability of a UE. This case might not have the highest priority in NR design, however, it has to be considered to ensure forward compatibility of NR. 

3.3 UE power saving

UE can be configured with different RF bandwidths so that it can achieve power saving in the case that a smaller RF bandwidth is enough, e.g. for decoding control resource sets.
4 Possible properties of bandwidth part

A bandwidth part may be defined to have some or all of the following properties: numerology, frequency location, and frequency size.
4.1 Numerology of bandwidth part
The numerology of a bandwidth part can be specified by a numerology index which indicates a specific numerology out of a pre-configured or pre-defined list of possible numerologies. 
4.2 Frequency size of bandwidth part
The frequency size of bandwidth is the number of (contiguous) PRBs consisted in the bandwidth part. The bandwidth of bandwidth part is then uniquely obtained using the frequency size and the numerology of the bandwidth part. To further reduce the signaling overhead, the frequency size of bandwidth part can be selected from a pre-configured set of values based on a set of UE capabilities.
Proposal 4: Configuration of bandwidth part includes both numerology and frequency size.
Proposal 5: The following is supported for frequency size of bandwidth part

· Frequency size of a bandwidth part is indicated by the number of PRBs in the bandwidth part

· A set of values for frequency sizes of bandwidth part is pre-configured, possibly by higher layer.
4.3 Frequency location of bandwidth part

According to the working assumption of meeting RAN1#88b, a bandwidth part consists of a set of contiguous PRBs. To indicate the frequency location of bandwidth part, it is easier to indicate its starting frequency, i.e. the index of its starting PRB.  To further reduce the signaling overhead, the starting position of a bandwidth part can be selected from a set of PRB indices which can be pre-defined in the spec. To facilitate the definition of this set, the PRBs can be partitioned into mini-BPs. A mini-BP can be defined as a group of n contiguous PRBs of the underlying numerology in frequency, where n is pre-specified in the spec and could be the same for all numerologies or could be numerology-specific and mini-BP #k consists of PRBs kn, kn+1,…, kn+n-1. Then, the set of possible values of the first PRB of a bandwidth part can be defined as the set of indices of the starting PRBs of mini-BPs.
Proposal 6: The following is supported for frequency location of bandwidth part

· Frequency location of a bandwidth part is indicated by the index of the first PRB of the bandwidth part.

· The set of possible values of the first PRB of a bandwidth part is predefined in RAN1 spec.
Definition of bandwidth part (i.e. choosing the properties to be included in configuration of bandwidth part) may impact the flexibility of data scheduling as well as signaling overhead. No matter which of the properties are included in the definition of bandwidth part, the following is true:

· Configuration of bandwidth part is notified via system information or RRC signalling. 
· All of the properties must be eventually signalled to the UE before the data transmission takes place, at least for a UE not capable of supporting the carrier bandwidth.

· Location of different bandwidth parts can have overlap. It is up to gNB to ensure orthogonality of data scheduling for the UEs with overlapping bandwidth part.
· A UE can be configured with one or multiples bandwidth parts. It is up to gNB to ensure the bandwidth parts are located such that their aggregated bandwidth does not exceed the bandwidth capability of a UE.

· PRB bitmap of a UE is a function of the frequency size of its bandwidth part. The PRB allocation within the configured bandwidth part can be contiguous or non-contiguous.
5 Bandwidth adaptation

As agreed, one or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE. In our view, at least the following three use cases can be considered when multiple bandwidth parts are configured for bandwidth adaptation. In Figure 3, two or three bandwidth parts are configured to a UE. In Figure 3(a), the UE receives both DL control information and DL data within the 1st bandwidth part during slot n while the UE switches to the 2nd bandwidth part during slot n+1 for DL control information and DL data. In Figure 3(b), the UE receives DL control information within the 1st bandwidth part and is scheduled to the 2nd bandwidth part for DL data reception during slot n. In Figure 3(c), the UE receives DL control information within the 1st bandwidth part in both slots n and n+k and is scheduled to the 2nd and the 3rd bandwidth parts respectively during slot n and slot n+k for DL data reception. Note that in order to switch between different bandwidth parts, the UE needs to perform RF bandwidth adaptation. As mentioned in ‎[5], the retuning time for RF bandwidth adaptation should be 20µs to only adjust the UE RF bandwidth without change in centre frequency and 100µs~200µs to also adjust the centre frequency in the same band. Therefore, one or several OFDM symbols may be needed to change the RF bandwidth, depending on the underlying numerology. This needs to be taken into consideration by gNB in deciding how dynamic it changes the bandwidth part of a UE.

[image: image3.emf]Slot n

Slot n+1

1

st

 

BP

Slot n

2

nd

 

BP

2

nd

 

BP

1

st

 

BP

Slot n

1

st

 

BP

2

nd

 

BP

3

rd

 

BP

Slot n+k

DL Ctrl DL data

(a) (b) (c)

…


Figure 3. Potential use cases for bandwidth adaptation among multiple bandwidth parts
6 Indication of bandwidth part
For an RRC_IDLE UE, since it is likely that at least one common control resource set for scheduling of e.g., remaining minimum system information or other system information is configured via information carried in PBCH and/or frequency location of SS block. Control resource set(s) for scheduling of e.g., Msg.4 can be derived implicitly from the common control resource set(s). Alternatively, the control resource set(s) can be notified via RAR, and the bandwidth part(s) can be derived implicitly from the frequency location of the common control resource set(s), or signaled through RAR. The numerology of the bandwidth part(s) can be predefined, e.g., the same with that of SS block, or indicated through RAR.  

For an RRC_CONNECTED UE, we further discuss two possibilities of configuring the bandwidth part based on whether or not to include the frequency location as part of the definition.
6.1 Bandwidth part defined as (Numerology, Frequency size)

For an RRC_CONNECTED UE, the frequency location of bandwidth part can be indicated in several ways as follows.

Alt. 1: It is a working assumption that the UE can be configured via dedicated RRC signaling with one or multiple control resource sets. The control resource set(s) to be used for scheduling is notified via RRC signaling. The frequency location of bandwidth part is implicitly indicated by the control resource set(s) being used by the UE. For example, the control resource set is configured at the center of the bandwidth part. Alternatively, the bandwidth part and the control resource set is aligned at the lowest or highest frequency location. Unless the UE is re-configured to another control resource set, it will keep receiving data over the bandwidth part. An example of Alt. 1 is shown in Figure 4.

It can be seen in Figure 4 that location of bandwidth part A of UE 1 and bandwidth part C of UE 3 in slot j1 have overlap, while their scheduled data transmissions are orthogonal. Also, UE 3 is configured with more than one bandwidth part and the locations of the configured bandwidth parts are such that their aggregated bandwidth does not exceed the bandwidth capability of UE 3.

As agreed, a control resource set is defined as a set of REGs under a given numerology and NR supports both data and control with the same numerology. Therefore, the numerology of a bandwidth part can also be derived implicitly from that of the corresponding control resource set.

In this alternative, the switching of bandwidth part is done semi-statically, and thus, it very well satisfies the retuning time requirements for bandwidth adaptation (see Section ‎5).

Alt. 2: Multiple bandwidth part locations can be identified for more flexible resource allocation. In this case, RRC signaling or group common PDCCH or some pre-configured rules can be employed. UE may hop to a new partition (e.g., cyclically or according to a UE-specific DCI). If switching to a new bandwidth part is designed to happen within the same slot as the UE-specific DCI, then the retuning time requirements for bandwidth adaptation as discussed in Section ‎5 need to be taken into consideration. Several alternative ways can be used to notify a UE the control resource set(s) to be used for scheduling:

CORESET Signaling Alt. I: Control resource set(s) to be used for scheduling is notified via dedicated RRC signaling.

CORESET Signaling Alt. II: Control resource set(s) to be used for scheduling can be implicitly indicated by the configured bandwidth part by a predefined rule: If there is only one configured control resource set within the configured bandwidth part, it is used for data transmission by the UE. If there are more than one configured control resource set within the configured bandwidth part, the one closest to the starting frequency of the bandwidth part is used for data transmission by the UE.

6.2 Bandwidth part defined as (Numerology, Frequency size, Frequency location)

In this way, the bandwidth part configuration(s) of an RRC_CONNECTED UE fully characterizes the bandwidth part. One or multiple bandwidth part candidates are signaled to a UE via system information or dedicated RRC signaling, and at least one bandwidth part is chosen using UE-specific DCI at a given time. If switching to a new bandwidth part is designed to happen within the same slot as the UE-specific DCI, then the retuning time requirements for bandwidth adaptation as discussed in Section ‎5 need to be taken into consideration.

One or multiple control resource sets can be configured for a UE through dedicated RRC signaling. The same alternatives as CORESET Signaling Alt. I and II of section ‎6.1 can be used to notify a UE the control resource set(s) to be used for scheduling.

An example of the bandwidth part configuration as (Numerology, Frequency size, Frequency location) is shown in Figure 5. The following is noteworthy when comparing Figure 4 and Figure 5:
· The location(s) of bandwidth part of a UE in Figure 4 is updated as fast as the control resource set(s) of that UE is updated, whereas, in Figure 5, the location of bandwidth part is updated as fast as the bandwidth part configuration is updated. Therefore, in Figure 4, the bandwidth adaptation may have more flexibility in time.
· In Figure 4, the locations of a bandwidth part and its corresponding control resource set have a fixed predefined relationship, whereas in Figure 5, the locations of bandwidth part and the control resource set are less tightly related. Therefore, in Figure 5, the bandwidth adaptation may have more flexibility in frequency.
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Figure 4. An example of Alt. 1 of section ‎6.1 for indication of BW part location. In this example, control resource set is located at the edge of the bandwidth part
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Figure 5. An example of bandwidth part configuration as (Numerology, Frequency size, Frequency location), In this example, control resource set is configured
7 Conclusion
In this contribution, the single wideband carrier operation and intra-band contiguous CA within the wideband spectrum and also the bandwidth part and its relationship with numerologies, frequency locations and flexible bandwidth were discussed. The following proposals were made:
Proposal 1: For mixed numerology case, the minimum subcarrier spacing supported in one carrier is determined by the carrier bandwidth according to the maximum number of subcarriers. 
Proposal 2: For intra-band CA within the wideband CC, allow carrier(s) without Sync signal, the carrier with Sync signal could be taken as primary-carrier.
Proposal 3: MU-MIMO multiplexing of Type A and Type B UEs should be supported. The same reference signal sequence should be mapped in the same time-frequency resource for Type A and Type B UEs.
Proposal 4: Configuration of bandwidth part includes both numerology and frequency size.
Proposal 5: The following is supported for frequency size of bandwidth part

· Frequency size of a bandwidth part is indicated by the number of PRBs in the bandwidth part

· A set of values for frequency sizes of bandwidth part is pre-configured, possibly by higher layer.
Proposal 6: The following is supported for frequency location of bandwidth part

· Frequency location of a bandwidth part is indicated by the index of the first PRB of the bandwidth part.

· The set of possible values of the first PRB of a bandwidth part is predefined in RAN1 spec.
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