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1. Introduction

At the 3GPP RAN1#88bis meeting, it was agreed to support UEs with wideband CC and UEs with intra-band contiguous CA in a wideband CC simultaneously as indicated below.

Agreement:
· 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 the above scenario, both UEs with a single wideband CC (Case 1 in Fig. 1) and UEs with intra-band contiguous CA (Case 3 in Fig. 1) can coexist without or with minimum amount of guard band (GB) in the same time slot, which hasn’t been supported in LTE. In addition to reference signals (RSs), resource block group (RBG), and CSI subbands, how to handle single or multiple synch signal locations from perspective of both types of UEs needs to be considered as remaining issues. In this contribution, we provide further views on these aspects including how to handle single and multiple synchronization signals.
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Figure 1 – Implementation options for wider BW operations [2].
2. Wider BW Scenarios
As agreed, gNodeB can simultaneously support UEs with a single wideband CC (WB UE), e.g., 400 MHz, and UEs with intra-band contiguous CA (CA UE), e.g., 2 x 200MHz. For example, such a scenario is shown in Fig. 1 where both single SS block and multiple SS blocks are considered. From CA UE perspective, multiple SS blocks, i.e., one SS block in each 200MHz-CC, are the same as carrier aggregation in LTE. From WB UE perspective, multiple SS blocks per channel BW is different from LTE and may require new mechanisms. On the other hand, a single SS block is straightforward for WB UE while it is seen in only one CC for CA UE, which is different from LTE CA (this is rather similar to CA with new carrier type where SS may not be transmitted). Below, we discuss those new aspects of multiple SS blocks and single SS block in NR. 
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Figure 2 – Single or multiple SS blocks for wider BW operation.

2.1. Single SS block in wideband CC
Single SS block would be sufficient for intra-band contiguous CC in most cases and this approach would be straightforward for WB UE. For CA UE, after initial access, secondary cell(s) are configured. If synchronization/tracking of the single SS block is not sufficient over the entire CC BW, synchronization/tracking signals are also configured. Here, synchronization/tracking signals may include NR-PSS, NR-SSS, CSI-RS for L1/L3, and tracking RS. If synchronization/tracking of a single SS block holds over wider band CC, the configuration of synchronization/tracking signals would not be required. Another consideration is RRM measurement. For non-CA UEs with smaller BW CC, the configured BW parts may not include SS-block as show in Fig. 3. In such a case, measurement gap for RRM measurement is necessary for retuning to frequency of SS block. Even for CA UE, after CA configurations, if each CC may not fully include SS block or SS block is located in boundary of multiple CCs as shown in Fig. 3, measurement gap for RRM measurement, intra-frequency measurement for neighboring cells, would be needed for retuning. As shown in Fig. 2(a), on the other hand, if SS block is located such that it is always included in a CC, this kind of measurement gap is not needed.

Proposal 1: For a single SS block in a wideband CC,

· Whether a single SS block in a wider band CC is sufficient or not from synchronization/tracking perspective should be investigated
· For CA UE and/or non-CA UE with a smaller BW CC, setting the measurement gap for RRM measurement should be considered
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Figure 3 – Single SS block operation.
2.2. Multiple SS blocks in wideband CC
There are some motivations to transmit multiple SS blocks in a wideband CC. If there are CA UEs, NW operation using multiple SS blocks may be simpler as is the case with LTE. In this case, traffic offloading in a wider BW is achieved from the beginning, i.e., from initial access procedure. Another motivation is that single SS block may not be sufficient to measure the channel qualities of wider BW CC. More specifically, for a higher carrier frequency and a channel BW of 400 MHz, channel qualities would be different for lower frequency range and higher frequency range of the channel BW assuming that SS block BW is narrower than 20 MHz for 120kHz subcarrier spacing. 
(1) CA UE and Non-CA UE behavior

From CA UE perspective, although operation using multiple SS blocks would be straightforward, there are some aspects that can be reconsidered in NR. Assuming that the channel BW of 400 MHz is available, the SS block is transmitted per CC of 200MHz BW and CA UE performs initial access or cell identification for either CC of 200 MHz. We note that the number of SS blocks and the locations in a wideband CC are left to NW choice. We also note that scenario where contiguous CCs belong to different gNBs is not considered here. Once the UE moves in RRC_CONNECTED mode, the UE is configured with CC(s) after RRM measurement using SS block for the CC and reporting the measurement results. However, in this case, there would be delay until the configured CC is activated and performance will be worse than WB UE. Hence, if UE is capable of intra-band contiguous CA and can monitor multiple SS blocks, it would be better to enable RRM measurement even during RACH procedure for multiple CCs. For example, CA UE assumes that there are multiple SS blocks transmitted and continues to monitor SS-block for RRM measurement even after UE can successfully detect one SS-block. Another way, in order to reduce the effort on initial access, is to inform UE of the presence of multiple SS blocks via system information such as the minimum system information on the PBCH and remaining minimum system information (RMSI) after UE detects one SS block. In this case, different parameters (e.g., longer SS burst periodicities) can be considered. Our preference is to inform UEs of the presence of multiple SS blocks in wide band CC. 

(2) WB UE behavior
Basically, the same UE behavior can be applied to WB UE. However, if multiple SS blocks are to be transmitted only for traffic offloading purpose for CA UEs and non-CA UEs, WB UE does not need to monitor multiple SS block in a wideband CC. In this case, WB UE would need to know the presence of non-anchor SS block to apply rate-matching or puncturing for the reception of the other downlink signals. Or, if multiple SS blocks need to be transmitted for measurement and synchronization/tracking purpose, WB UE also has to know whether multiple SS blocks are used for RRM measurement or not. 

For intra-frequency measurement which will be required for handover, it is highly desired that the number of SS blocks and frequency locations of SS blocks are limited. In that sense, for both CA UE and WB UE, a sort of “anchor” SS-block will be predefined or indicated by higher layer signaling. For CA UEs, the CC carrying the anchor SS-block would be the same as the PCell where the major functionalities, i.e., system information delivery, paging, are carried out. 

Proposal 2: For multiple SS blocks in a wideband CC, 
· RMSI indicates the presence of the other SS block(s), related parameters for SS block reception, and RRM measurement configurations if necessary
· Consider that multiple SS blocks are available for RRM measurement and synchronization/tracking during initial access procedure
· UE is informed of anchor SS block for intra frequency measurement
· Other functionalities, e.g., other system information delivery, paging, may be also performed in bandwidth part carrying anchor SS block

· REs are rate-matched around SS blocks or REs for SS blocks are punctured
3. System information delivery and RACH procedures

There are also several consideration points for other physical signals/channels related to initial access procedure as discussed below.

(1) RMSI

After acquiring the SS block, both WB UE and CA UE receive RMSI and other system information (OSI). In order to reduce the overhead for system information delivery, common RMSI for CA UE and WB UE is preferred. Thus, RMSI needs to be scheduled by NR-PDCCH within the minimum BW that all NR UEs can support (minimum UE BW). For resource allocation of the NR-PDSCH, UE may need to know the NW channel BW and the potential maximum BW of NR-PDSCH carrying RMSI as is the case with LTE. However, in NR, the frequency location of SS block is not necessarily at the center frequency of the NW channel BW. Hence, instead of or in addition to the NW channel BW, information on a relative frequency location compared to the detected SS block or NR-PDCCH scheduling RMSI could be used for resource allocation of RMSI.
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Figure 4 – PRB indexing for RMSI

(2) RACH procedures

For RACH related configuration, a wider BW can be utilized. There are several options in order to use wider BW during RACH procedure.
· Option 1: Implicit indication 

· If RACH transmission beyond minimum UE BW is selected, this UE is regarded as WB UE. Or different RACH resources are associated with WB UE and CA UE

· After RACH reception by gNB, wideband can be used for messages 2/3/4.

· Option 2: Explicit indication

· Message 3 indicates its capability (e.g, UE channel BW, number of CCs). Before Message 3, all DL and UL messages should be confined within the minimum UE BW. Or, after RRC connection is established, UE capability is reported. During initial access, minimum UE BW is used.
Proposal 3: The maximum bandwidth for the NR-PDSCH carrying RMSI should be equal to or smaller than the minimum UE bandwidth of NR.

Proposal 4: Frequency location of SS block or NR-PDCCH scheduling RMSI should be considered as a reference to the frequency location of NR PDSCH carrying RMSI.

Proposal 5: Consider the following mechanism to utilize the wider bandwidth for random access procedure

· Implicit indication of wideband capability, e.g., through RACH preamble

· Explicit indication of wideband capability, e.g., through message 3

4. BW part configurations

At the RAN1#88bis meeting, it was also agreed, as the following working assumption, to define bandwidth part in each CC.
Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled 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
In our understanding, UE signals the BW capabilities such as the UE BW for the current frequency range. Based on the capability, NW configures single or multiple bandwidth part(s) such that BW of bandwidth part(s) is equal to or smaller than the UE BW. The supportable UE BW is different for different UEs and how to handle different UE BW should be addressed in NR. In LTE, RBG size and subband size for CQI are determined by NW channel BW. In NR, the following options to determine frequency domain resource granularity can be considered.

· Option 1: Frequency domain resource granularity is determined by the NW channel BW
· This determination is no longer appropriate when the UE BW is different for different UEs. For some UEs with much smaller BW compared to the NW channel BW, large size of resource allocation granularity is to be used, causing inefficient resource allocation.
· Option 2: Frequency domain resource granularity is determined by the UE channel BW
· This option is more flexible than option 1 in terms of resource allocation. However, if there are UEs having different UE BW capabilities, resource allocation using different RBG sizes at gNB side would become complicated.

· Option 3: Frequency domain resource granularity is configured by NW

· This option is more flexible than options 1 and 2 in terms of resource allocation. However, even if there are UEs having different UE BW capabilities, frequency domain resource granularity can be aligned among UEs with different UE BWs considering resource allocation flexibility and scheduler complexity. The potential issue is that the size of resource allocation fields in DCI would depend on the configured resource granularity size and UE BW, and link adaptation for the NR-PDCCH may become complicated. In any case, the candidate size should be limited, e.g., depending on carrier frequency ranges, if this option is to be selected.

Considering resource allocation flexibility and scheduler complexity, we have preference for option 3.

Proposal 6: Frequency domain resource granularity such as RBG size and subband size is configured by NW.

5. Conclusion
In this contribution, we presented our further views on the physical layer channel designs and procedures related to wider bandwidth operation. Based on the discussion, we propose the following.

Proposal 1: For a single SS block in a wideband CC,

· Whether a single SS block in a wider band CC is sufficient or not from synchronization/tracking perspective should be investigated

· For CA UE and/or non-CA UE with a smaller BW CC, setting the measurement gap for RRM measurement should be considered

Proposal 2: For multiple SS blocks in a wideband CC, 

· RMSI indicates the presence of the other SS block(s), related parameters for SS block reception, and RRM measurement configurations if necessary

· Consider that multiple SS blocks are available for RRM measurement and synchronization/tracking during initial access procedure

· UE is informed of anchor SS block for intra frequency measurement

· Other functionalities, e.g., other system information delivery, paging, may be also performed in bandwidth part carrying anchor SS block

· REs are rate-matched around SS blocks or REs for SS blocks are punctured

Proposal 3: The maximum bandwidth for the NR-PDSCH carrying RMSI should be equal to or smaller than the minimum UE bandwidth of NR.

Proposal 4: Frequency location of SS block or NR-PDCCH scheduling RMSI should be considered as a reference to the frequency location of NR PDSCH carrying RMSI.

Proposal 5: Consider the following mechanism to utilize the wider bandwidth for random access procedure

· Implicit indication of wideband capability, e.g., through RACH preamble

· Explicit indication of wideband capability, e.g., through message 3

Proposal 6: Frequency domain resource granularity such as RBG size and subband size is configured by NW.
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