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Introduction
In RAN1 #89 and NR Ad-Hoc#2, there were agreements on the wideband operation for NR which include the followings [1]:
	Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration
Agreements:
· The maximum bandwidth for CORESET for RMSI scheduling and NR-PDSCH carrying RMSI should be equal to or smaller than a certain DL bandwidth of NR that all UE can support in each frequency range
· At least, for one RACH preamble format ,the bandwidth should be equal to or smaller than a certain UL bandwidth of NR that all UE can support in each frequency range
· This implies there could be other RACH preamble format with larger bandwidth than a certain bandwidth of NR that all UE can support 
Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting
· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH
· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH
· Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH
Agreements:
· Same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier
· FFS: PRB indexing
Agreements:
· Common PRB indexing is supported
· The indexing is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· The indexing is with respect to the reference point
· The indexing is with respect to a given numerology
· Note: Example usage of common PRB indexing is for scheduling group common PDSCH, RS sequences, BWP configuration, etc.
· UE-specific PRB indexing is supported
· It is indexed per BWP with respect to the configured SCS for the BWP
· Note: Example usage of UE-specific indexing is for scheduling UE-specific PDSCH



In addition to the above agreements, there was significant progress on details of bandwidth part (BWP) operation during the last RAN1 meetings. However, focus was mainly placed on the RRC connected mode operation, and the BWP for RRC idle state was not much discussed. In this contribution, we discuss our view on the BWP in the RRC idle mode or during the initial access by taking the NR wideband operation into account.

Discussion
Anchor bandwidth part
After PSS/SSS and NR-PBCH reception, UE expects to receive other message types such as RMSI, other SI, and paging in some purposes, e.g., to camp on a cell, to attempt for RRC connection establishment, or to accept the incoming call. Since such messages are broadcast via PDSCH, a common set of PRBs should be known to all UEs including the idle mode UEs for common DCI reception.
One option for the common PRB set is the NR-PBCH bandwidth which consists of 24 PRBs. This corresponds to about 5MHz and 10MHz for 15kHz and 30kHz subcarrier spacing, respectively. However, the number of PRBs of the NR-PBCH bandwidth is too small to support robust PDCCH transmission and flexible PDSCH resource allocation. Since the minimum UE bandwidth is expected to be much larger than 5MHz, the common PRB set can be defined as a bandwidth larger than the PBCH bandwidth, which can be called as ‘anchor bandwidth part’. For example, for the 15kHz subcarrier spacing, the bandwidth of an anchor BWP can be around 10MHz or 20MHz which is twice or four times larger than the PBCH bandwidth.
Similar to the UE-specific BWP, the anchor BWP can also be defined as a set of contiguous PRBs under a given numerology. The subcarrier spacing of the anchor BWP can be the same as that of NR-PBCH. However, ideal data numerology, e.g., 15kHz subcarrier spacing, can be different from the SS block numerology, e.g., 30kHz subcarrier spacing, for some cases. Thus it is preferred that the subcarrier spacing of the anchor BWP is configured by the NR-PBCH.
Proposal 1: Anchor BWP consists of a set of contiguous PRBs under a given numerology whose bandwidth is larger than NR-PBCH bandwidth and not larger than UE minimum bandwidth.
Proposal 2: The numerology of the anchor BWP is configured by the NR-PBCH.
Proposal 3: RMSI, other SI, and paging are transmitted using the anchor BWP.



Fig. 1. An illustration of anchor bandwidth parts in a wideband CC

There can be at least one anchor BWP in a standalone carrier. Also, there can be multiple anchor BWPs in a carrier if the carrier has multiple SS blocks along the frequency domain as illustrated in Fig. 1. In this case, each anchor BWP can uniquely be associated to one SS block. As also depicted in the figure, if there is a SS block not visible to RRC idle UEs (in purpose of other than initial access), then the SS block may not be associated with anchor BWP.
The number of PRBs of the anchor BWP can be predefined in the specification per frequency band or configured by the NR-PBCH, and its frequency location can be derived from the NR-PBCH bandwidth and/or configured by the NR-PBCH. It is preferred that the bandwidth of an anchor BWP contains the bandwidth of the associated SS block to improve RF efficiency. The anchor BWP can be defined at least in DL. Necessity of UL anchor BWP can be further discussed.
Proposal 4: The bandwidth of an anchor BWP contains the bandwidth of the associated SS block.

UE entering a 4-step RACH procedure expects to receive Msg2 in slots in a RAR window. The Msg2 reception can also take place in the anchor BWP, because it is the only bandwidth (if agreed) allowed to UE at this moment. As an alternative way another BWP can be configured using RMSI before Msg2 reception, however, this option is not favorable in terms of signaling overhead considering that beam sweeping is mandated in over 6GHz in the RMSI delivery. The need of the ‘another BWP’ will be discussed in Section 2.3.
Proposal 5: Msg2 is transmitted using anchor BWP.

The PDCCH common search space (CSS) is expected to be configured by minimum SI delivered via either PBCH or PDSCH (only one of them). The CSS configured by the minimum SI in an anchor BWP should be associated with the anchor BWP. Based on this association, UE can assume that a DL DCI detected in the CSS schedules a PDSCH on PRBs constituting the anchor BWP. That is, the PRBs allocated by the DCI are considered as local PRBs within the anchor BWP.
Proposal 6: CSS configured by minimum SI in an anchor BWP is associated with the anchor BWP.

Wideband PRB grid may not be known to UE when UE initially operates in the anchor BWP. Therefore, the generation or mapping of DMRS used in the anchor BWP should not depend on the wideband PRB grid.
Proposal 7: DMRS for physical channel demodulation in anchor BWP is not based on wideband PRB grid at least if the physical channel is scheduled by the common PDCCH.

Broadcast of wideband PRB grid
When UEs having different bandwidth capabilities, e.g., narrowband UEs and wideband UEs, operate on the same wideband carrier, sharing of wideband PRB grid by all UEs is beneficial in some aspects.
First, the mapping and the sequence generation of some types of RS can be defined based on the wideband PRB grid. Then the wideband RS, e.g., CSI-RS and SRS, can be shared by UEs in the same wideband carrier regardless of their operating bandwidth. Also, DMRS ports for different bandwidth UEs can be code-division multiplexed, which can results in RS overhead reduction. Since the CSI-RS and the SRS transmissions are usually periodic, the RS sharing also provides better forward compatibility by minimizing the transmission of periodic signals.
Second, a BWP can be configured using the wideband PRB grid. For example, wideband PRBs can be divided into several PRB groups, and one or multiple consecutive PRB groups can be configured to UE as a BWP. This approach can reduce the signaling overhead compared to a single PRB-level configuration with a local frequency reference. Even for narrowband UEs, from our perspective, a BWP (refer to Section 2.3) in addition to the anchor BWP can be configured before RRC connection establishment for unicast data transmission.
Proposal 8: Wideband PRB grid information is broadcast to all UEs regardless of their bandwidth capability.

Then, a subsequent question is when and how to transmit the wideband PRB grid. The NR-PBCH is not adequate since the wideband PRB grid information is irrelevant to the RMSI reception. To activate another BWP to UEs in addition to the anchor BWP in early timing, the wideband PRB grid information should be broadcast as a part of RMSI. In our view, other SI is too late especially if a cell does not support Msg1-based other SI request. As RMSI contents for the wideband PRB grid, a combination of a system bandwidth and a center frequency of the wideband CC can be considered as an example. In addition to the wideband PRB grid information, a BWP granularity can be configured by the RMSI as well. If the BWP granularity is defined by a group of PRBs, then the PRB group size can be configured by the RMSI.
Proposal 9: Wideband PRB grid information, e.g., a system bandwidth and a center frequency of wideband CC, and the BWP granularity, e.g., a PRB group size, are delivered to UE by RMSI.

Bandwidth part for Msg4 and unicast data
[bookmark: _GoBack]The last step of the 4-step RACH procedure is Msg4 reception for contention resolution. Msg4 is a unicast data which is scheduled by UE-specific DCI scrambled with C-RNTI. From/after Msg4 reception, UE can start transmitting and receiving unicast data. As the BWP for the Msg4 and unicast data transmission, the following two options can be considered.



Fig. 2. Bandwidth expansion for Msg4 and unicast data transmission

Alt. 1: Using anchor BWP
In this option, the anchor BWP can have both CSS and UE-specific search space (USS). Broadcast information and Msg2 can be scheduled via the CSS, and Msg4 and data can be scheduled via the USS. Under the assumption that UE obtains the wideband CC information during the initial access, the wideband DMRS can be exploited to the Msg4 and data transmission. Thus, UE can expect different RS types for PDSCHs scheduled from different search spaces. For example, UE can expect the narrowband/local DMRS for the PDSCH from the CSS, and can expect the wideband DMRS for the PDSCH from the USS.
In Alt. 1, the bandwidth of the anchor BWP should be as large as possible since it should support transmissions of all DL data types. The RRM/CSI measurements and the time-frequency tracking should also be allowed to take place on the anchor BWP. The CSI-RS in these purposes can be wideband even on the anchor BWP, i.e., its sequence and mapping can be based on the wideband PRB grid.

Alt. 2: Using another BWP, i.e., temporary BWP
Alternatively, UE can be configured with another BWP for Msg4 and unicast data transmission. This additional BWP can be temporarily used during the RRC connection establishment, thus can be called as ‘temporary BWP’. In this case, it is beneficial to split the CSS and the USS to belong to the anchor BWP and the temporary BWP, respectively. Then, UE can monitor only the CSS on the anchor BWP, and monitor only the USS on the temporary BWP. In addition, the local RS can be assumed in the anchor BWP, and the wideband RS can assumed in the temporary BWP. The CSI-RS and the tracking RS can only be configured on the temporary BWP.
Also, the numerology and the bandwidth of the two BWPs can be different, e.g., the bandwidth of the anchor BWP can be narrower than that of the temporary BWP. For example, for 15kHz subcarrier spacing, the bandwidths of NR-PBCH, anchor BWP, and temporary BWP can be set as around 5MHz, 10MHz, and 20MHz, respectively, which is drawn in Fig. 2. This can help to reduce the bit-width of a resource allocation-related DCI field in the anchor BWP.
For Alt. 2, it is preferred that the temporary BWP is configured during initial access. Msg2 can be used for the signaling rather than RMSI since Msg2 can only be transmitted to UE which requested the RA response using a UE-specific beam while the RMSI should be broadcast. The temporary BWP configuration is common to UEs which received the RMSI in the associated anchor BWP since the gNB does not know the UE bandwidth capability at the moment of Msg2 encoding.

Table 1 summarizes our view on DL message transmission and UE’s DL bandwidth configuration during initial access.

Table. 1. Summary of DL message transmission and UE bandwidth configuration
	Message
	Type
	Channel
	Transmission timing
	Bandwidth & numerology
	BW config.

	Part of minimum SI
	Broadcast
	PBCH
	Every 20ms (initially)
	· PBCH bandwidth & numerology
	By PSS (implicitly derived)

	RMSI
	
	PDSCH via CSS
	FFS
	· Anchor BWP (DMRS based on local PRB grid)
· Configured numerology
	By PBCH (configured and/or implicitly derived)

	Other SI, paging
	
	
	FFS
	· 
	

	Msg2
	Unicast (multicast)
	
	Any slot in RAR window
	· 
	

	Msg4
	Unicast
	PDSCH via USS (+CSS)
	Any slot in contention resolution timer
	· Anchor or temporary BWP (DMRS based on wideband PRB grid)
· Configured numerology
	By Msg2 if temp. BWP is used
(configured)

	Data
	
	
	Any slot
	
	




Conclusion
In this contribution, we discussed UE bandwidth configuration aspects during initial access by taking the wideband operation into account, from which the following observations and proposals are derived:
Proposal 1: Anchor BWP consists of a set of contiguous PRBs under a given numerology whose bandwidth is larger than NR-PBCH bandwidth and not larger than UE minimum bandwidth.
Proposal 2: The numerology of the anchor BWP is configured by the NR-PBCH.
Proposal 3: RMSI, other SI, and paging are transmitted using the anchor BWP.
Proposal 4: The bandwidth of an anchor BWP contains the bandwidth of the associated SS block.
Proposal 5: Msg2 is transmitted using anchor BWP.
Proposal 6: CSS configured by minimum SI in an anchor BWP is associated with the anchor BWP.
Proposal 7: DMRS for physical channel demodulation in anchor BWP is not based on wideband PRB grid at least if the physical channel is scheduled by the common PDCCH.
Proposal 8: Wideband PRB grid information is broadcast to all UEs regardless of their bandwidth capability.
Proposal 9: Wideband PRB grid information, e.g., a system bandwidth and a center frequency of wideband CC, and the BWP granularity, e.g., a PRB group size, are delivered to UE by RMSI.
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