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1. Introduction
RAN#75 in March approved a 5G WID [1] on New Radio (NR) access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
From RAN1 Ad-hoc#2 meeting in Qingdao, the following agreement and LS (R1-1711825) to RAN2 were made:
Observation:
· Usage scenarios #1, and 2, and 3 in R1-1711795 are at least identified as usage scenarios for BW part
· From UE perspective, at least for single active BW part scenario, usage scenarios #1 and 3 are the same
Agreements:
· Usage scenario #4 in R1-1711795 is supported in the context of non-contiguous intra-band carrier aggregation
· Carrier without SS block can be configured for some UEs
· Send LS to RAN2/4 to tell above agreement/observation in R1-1711824

This contribution investigates design considerations to support non-contiguous intra-band CA in NR; especially about carrier without SS block and impacts to RAN2.
2. 	Considerations for intra-band non-contiguous CA
2.1 Key Design Issues 
Background about RAN1 agreement
From last RAN1 ad-hoc #2 meeting in Qingdao, RAN1 discussed about 5 scenarios proposed in R1-1711795 for wideband carrier and debated on a topic related to scenario #4 that address how to handle fragmented carrier described as the figure below.  There was a proposal – which was ruled out now - that a bandwidth part is configured for the fragmented carrier. Main reason behind objecting BW part-based approach is potential RAN4 standardization efforts for new RF requirement – especially within multiple BW parts. On the other hand, existing CA-based approach is more favourable from RAN4 perspective. Another issue was about the absence of SS block at the narrowband carrier (e.g. NB CC3 in figure 1). It is useful for example to avoid insufficient bandwidth compared to that for SS block, or increased overhead due to SS block per each CC. It is also considerable for UE with single RF chain since single SS block provides sufficient synchronization accuracy to whole WB CC and definitely NB CC in the WB CC as well. Note that the location of NB CC is not defined in RAN4 as ARFCN.


Figure 1: Intra-band non-contiguous CA to support fragmented carrier scenario

Observation 1: RAN1 agreed that carrier without SS block can be configured for some UEs in the context of non-contiguous intra-band CA.
Design considerations for RAN2
Assuming that the intended carrier does not change the absence of SS block, there is no point of study on how to acquire synchronization or perform cell search under the condition of no SS block. Network, however, can utilize the carrier in the manner of extending carrier. CA is one method what we already have, and BW part is new method what is being discussed in NR. Since single active BW part has higher priority for work, we focus CA case in this paper.
Observation 2: There is no consideration for initial access or idle mode mobility at the carrier without SS block.
Observation 3: The carrier where SSB is not present can be utilized and managed as SCell.
Typically, as in LTE, network can add SCell after getting measurement report from UE, because the network needs to identify the suitable cell in terms of cell quality. On the other hand, cell quality such as RSRP from part of bandwidth may be similar as that from another part of bandwidth, if those parts of bandwidth are within the same carrier of the same gNB site. Therefore in such deployment cases, we can expect that there is no critical performance degradation by SCell addition without a priori cell quality measurement report – called as blind SCell addition. It is noted that network may use virtual physical cell ID for SCell addition, since there is no report of physical cell ID from the UE.
As long as network ensures the quality of configured SCell based on the quality of PCell, network may not configure any measurement to the SCell for the UE. Since UE needs to synchronize to SCell, network may configure for the UE actual SS block as a reference to depend on for SCell synchronization. In addition to synchronization, UE may depend on the reference SS block for measurement as well. We think that the configuration of reference SS block should be provided by L1, since at least timing is essential for L1 operation.
Observation 4: UE which is configured for SCell where SSB is not presented needs a configuration of reference SSB for the purpose of synchronization or measurement.
Proposal 1: To provide at least timing reference to UE in the carrier without SSB, RAN2 assumes that a configuration of reference SS block is supported by layer 1.
According to RAN2 agreements from last meeting below,
Agreements
1	There is one NR-ARFCN per MO

2	For measurements of carriers where SSB is not present (measurements performed on CSI-RS):
i	MO includes CSI-RS resources for L3 mobility measurements; and
ii	MO includes some indication that no SSB is provided on this carrier.
FFS Where the UE acquires timing reference for making measurements in this carrier. E.g. can UE assume timing reference from one of its serving carriers (for CA case), or does the MO include a pointer to another carrier with SSB for obtaining timing reference.

3	For measurements of carriers where SSB is present:
	If SSB is not located in the centre of the carrier, then offset to the ARFCN provides the location in frequency of the SSB within that carrier. 
FFS Whether the MO has only one SSB or whether the MO can include the location of more than one SSB.

Agreements above relate to a single BWP in which case the NR ARFCN would be the centre of the BWP. Case of multiple BWPs is FFS

There are two FFS points what we should discuss here.
FFS Where the UE acquires timing reference for making measurements in this carrier. E.g. can UE assume timing reference from one of its serving carriers (for CA case), or does the MO include a pointer to another carrier with SSB for obtaining timing reference.
Regarding this FFS, we think that MO does not need to include the pointer to another carrier for timing reference. The reference SSB discussed above can take a role of indication to timing reference. Since the reference SSB can be measured by UE, the measurement result from the reference SSB can be regarded as measurement result in the carrier where SSB is not present. It implies that two metrics – timing and measurement can be given to the carrier where SSB is not present. If we assume that there is a virtual SSB inside of the carrier where SSB is actually not present, the carrier can be configured in MO like other carrier where SSB is present.
Figure 2 shows the concept of reference and virtual SSB clearly. SSB#1 is a reference SSB of SSB#2 and SSB#2 is a virtual SSB for MO#2. SSB#2 is seen as same as SSB#1 in RRM framework. Actually SSB#2 is not present in layer 1, but refers its property to SSB#1. Layer 1 should provide a virtual entity of SSB#2 to higher layer. If this concept is supported by RAN1, RAN2 does not need to consider further enhancement to measurement framework for this particular issue. Otherwise, RAN2 needs to consider a pointer to another carrier where SSB is present. We does not prefer to modify current measurement configuration to support the pointer.


Figure 2: The concept of reference SSB and virtual SSB

Proposal 2: If RAN1 supports the concept of virtual SSB, RAN2 supports RRM measurement to the carrier where SSB is not present. Otherwise, RAN2 does not support it.

3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:
Observation 1: RAN1 agreed that carrier without SS block can be configured for some UEs in the context of non-contiguous intra-band CA.
Observation 2: There is no consideration for initial access or idle mode mobility at the carrier without SS block.
Observation 3: The carrier where SSB is not present can be utilized and managed as SCell.
Observation 4: UE which is configured for SCell where SSB is not presented needs a configuration of reference SSB for the purpose of synchronization or measurement.
Observation 5: Like LTE today, UE can be configured for CSI-RS based measurement via RRC signalling during SCell addition procedure.

Proposal 1: To provide at least timing reference to UE in the carrier without SSB, RAN2 assumes that a configuration of reference SS block is supported by layer 1.
Proposal 2: If RAN1 supports the concept of virtual SSB, RAN2 supports RRM measurement to the carrier where SSB is not present. Otherwise, RAN2 does not support it.
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