
3GPP TSG RAN WG1 NR-Adhoc                                                             R1-1700941	
Spokane, US, January 16 – 20, 2017

Agenda item:	5.1.3.1
Source:	Samsung
Title:	Single Carrier Wide BW Operational Aspects
Document for:	   Discussion

Introduction
In RAN1#86bis, the following were agreed regarding wider bandwidth for NR [1];
Agreements:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz
· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS
· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 
· Maximum channel bandwidth continues to be studied in RAN1/4
· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier
· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
· Send an LS to ask RAN4 to study the feasibilities of mechanisms above from both NW and UE perspectives

Agreements:
· 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

In RAN1#87, the following LS to RAN4 was sent regarding wider bandwidth for NR [2];
Agreements:
· Send LS to RAN4 to study the following points for single/multi-carrier operation
· How fast is the UE RF bandwidth adaptation
· How much power saving is possible for UE RF bandwidth adaptation
· Other benefits
· Whether any of the above depends on the conditions, such as
· Whether or not first and second RF bandwidth are centered at the same frequency
· Whether or not first RF bandwidth are partially or fully contained in the second RF bandwidth
· The ratio of first and second RF bandwidth
· Whether or not first and second RF bandwidth are in the same band
· Dependency of modulation scheme
· Whether or not neighbor cell synchronization signals are within first RF bandwidth
· Whether or not first and/or second RF bandwidth are centered at the same frequency as neighbor cell synchronization signals
· Whether or not additional reference signals are needed, for example for AGC settling
· Whether it depends on transmission direction
· LS includes corresponding agreements/WA for DL control in past meetings
· Note: RAN1 is under discussion on RF bandwidth adaptation for DL data and UL control/data

In RAN1#87, the following is agreed on the DL RRM measurement BW for IDLE mode.

Agreements:
· For RAN1 evaluations for IDLE mode, the default bandwidth for DL RRM measurement assumed by UE is not larger than the minimum carrier bandwidth which may depend on the frequency band
· FFS: mMTC case

This contribution considers various aspects for configuring various BWs for the single carrier operations in NR. 
Discussion
The following terminology is used in this contribution.	
BW region – Size and location of a bandwidth under consideration
Initial Access BW – BW region where UE performs initial measurements and random access (RA) procedure-related reception. This is the BW where PSS, SSS and other reference signals (if any) will be transmitted. The BW size is not more than 5 or 20MHz for <6GHz systems and not more than 40 or 80MHz for >6GHz systems [2].
Minimum RRM BW – The RRM BW region needed by the RRC_IDLE mode UEs
RRM BW – This is the BW region an RRC_CONNECTED mode UE monitors for performing RRM measurements (for e.g. handover purposes). 
1st RF and 2nd RF BW – These are UE specific BW regions that can be configured after initial access for connected mode UE’s. While the 1st RF BW is for NR-PDCCH transmission, the 2nd RF BW can be used for both NR-PDCCH (if deemed necessary beyond the contents of the 1st RF BW) and PDSCH transmissions. Other usage cases, such as for CSI-RS, are not precluded. 
BW’s monitored by RRC_IDLE UE: Initial Access and Minimum RRM BW
BW’s monitored by RRC_CONNECTED UE: RRM BW, 1st and 2nd RF BW
In this contribution, we focus mainly on the DL aspects of BW adaptation. 
Bandwidths
While NR considers communications, it is not necessary for a UE to always monitor a wide BW [2] and the 1 GHz single carrier operation can be accompanied by the 1st RF and 2nd RF BW operations/configurations to realize UE power savings (a main KPI for NR). Aspects to be considered when configuring the 1st RF BW and 2nd RF BW to a UE are subsequently discussed.
Initial Access and minimum RRM BW
Initial Access BW region is one where PSS/SSS and other reference signals (if any) are present. For above 6 GHz, RS may include beam specific mobility RS that can be used for identifying the best beam during the initial access stage. BWs associated with random access may be configurable by explicit signaling and/or may depend on the locations or size of random access response which is considered to be a part of the initial access BW. Also the BW required for monitoring the paging messages is considered to be part of this initial access BW. 

The minimum RRM BW is used for RSRP and RSRQ measurements by RRC IDLE mode UEs. As discussed in [3-6], a common RS is preferred for idle and connected modes to enable RSRP/RSRQ measurements. Furthermore, SSS and MRS-1 are preferred as the RS for <6 GHz and >6 GHz respectively for RRM purposes [3-6]. Hence, the minimum RRM BW size is equal to the initial access BW size. Also, an idle mode UE only monitors these BW regions. Overall, a UE must at least monitor and support a UE-minimum bandwidth equal to the initial access bandwidth.

Observation 1: minimum RRM BW is equal to the initial access BW. 
Observation 2: The minimum BW for a UE is equal to or larger than the initial access BW. 
Observation 3: A RRC Idle mode UE only monitors the initial access BW region.

RRM BW
The RRM BW is used by the RRC Connected mode UEs for performing RRM measurements (for e.g. handover purposes). The RRM BW can be a) same as the initial access BW or b) larger than the initial access BW. As discussed in [3-6], SSS and MRS-1 (BRS) are potential RS to be used for these purposes. When SSS is used, the RRM BW is same as the initial access BW. For case (b), the BRS bandwidth may be configured to be the full BW so that measurement accuracy needs to be higher. Also, the BRS can also be used for connected mode RRM measurement within UE-specific RRM BW. Hence, the RRM BW size is greater than or equal to the initial access BW size. 

Observation 4: RRM BW is equal to or larger than the initial access BW.
It is generally desirable to avoid having a UE to re-tune in order to perform inter-cell measurements. This will also require some network coordination where the gNB indicates to UEs the RRM BW for adjacent cells. It is therefore beneficial if RRM measurements are performed over the BW that should preferably be common among cells [8]. 
Proposal 1: UE shall be able to assume cell-common RRM BW configurations across cells, for inter-cell measurement.

1st RF BW
As mentioned before, the 1st RF BW is configured only for a connected mode UE. One issue is whether or not the 1st RF BW can be smaller than the initial access BW. Depending on the use cases for the 1st RF BW, its BW values can be defined. 

The following are some of the purposes identified for the 1st RF BW:
a) Monitor the UE common information (for RRC Connected UE’s), 
b) Monitor the common per-beam information in above 6GHz systems
c) Monitor dedicated search spaces for UE specific configurations and to get configurations for the 2nd RF BW (if needed)
d) Support RRM measurements (as will be discussed shortly, this is needed if the RRM BW is inside the 1st RF BW)
Therefore, – 
1) Some part of the 1st RF BW can be UE specific 
2) The 1st RF BW can overlap with the RRM BW region

Flexible Configurations for several UEs
The 1st RF BW should allow multiplexing of NR-PDCCH transmissions for a relatively large number of UEs. Therefore, the 1st RF BW’s of UEs should overlap (i.e. have common parts for different UEs) in order for UEs to monitor UE-common information (over a common search space) while also allowing some UE specific configurations. Specifically, if the location of the 1st RF BW is common for all UEs, there is no flexibility for further UE-specific configurations. When locations for the 1st RF BW are not identical among UEs, common control channel information may need to be duplicated in each UE-specific BW. The NW can choose between these options and accordingly, some UEs may have a common part in their 1st RF BW while others may have dedicated location and duplicate UE-common information. 
Observation 5: There is a tradeoff in terms of flexibility and signaling overhead between a) sharing 1st RF BW across UEs with a common location for monitoring UE-common information and b) dedicated 1st RF BW location for some UEs and replication of UE-common information. 

RRM considerations for 1st RF BW
For RRM measurements when a UE is using the 1st RF BW, the following options exist: (i) RRM BW is inside the 1st RF BW, (ii) RRM BW is separate from the 1st RF BW, and (iii) new RS inside the 1st RF BW for measurement purposes. 
For option (i), the 1st RF BW of UEs overlaps with the RRM BW that is provided by the network. For example, when the RRM BW spans the entire BW, then there are RRM signals present inside the UE’s 1st RF BW that enable RRM measurements. For these cases i.e., when the RRM BW spans the entire NW BW, no new configurations are needed from the NW side for configuring the 1st RF BW for RRM measurements. However, when the RRM BW is the same as the initial access BW (as mentioned earlier, when SSS is used for RRM measurements, RRM BW is same as initial access BW), then the network has to configure the 1st RF BW for all UEs to overlap with the RRM BW region which can limit the ability to flexibly configure the 1st RF BW to UEs. 
For option (ii), the 1st RF BW is separated from the RRM BW. This case occurs when the RRM BW is same as the initial access BW. In such a setting, the NW can configure measurement gaps while accounting for a re-tuning delay necessary for a UE to switch its RF from 1st RF BW region to the RRM BW region. This can increase the burden on the NW side and also increases the power consumption at the UE due to this frequent re-tuning.
For option (iii), UE re-tuning is avoided but the NW needs to provide new RS for measurements (measurement RS) inside each 1st RF BW region. This option increases the signaling overhead. 
Considering the above options and associated tradeoffs, option (iii) seems least favorable considering the signaling overhead. Considering the fact that option (ii)-type configuration is already supported in LTE (e.g. for eMTC), the gNB can decide to either support option (i) or option (ii). 
Observation 6: RRM BW inside the 1st RF BW or separate from the 1st RF BW with support of UE retuning are viable options for a network to select. 

2nd RF BW
Most of the issues identified for the case of 1st RF BW also remain valid for the case of the 2nd RF BW. In addition, the size of the 2nd RF BW can be UE specific and depend on a) the numerology used in a specific band, b) the FFT size that is supported by the UE and c) the data requirements for a UE. A gNB can configure a single carrier operating BW to a UE based on an indication by the UE of its capability regarding its hardware aspects such as the supported FFT size or RF BW. These issues are more prominent for the 2nd RF BW as it is considered to be much wider than the 1st RF BW and extra emphasis is necessary on the configuration of the 2nd RF BW region.
Observation 7: UE hardware aspects, such as supported FFT size and RF BW, and the numerology in a given frequency band are important factors in determining a BW that can supported for single-carrier operation on the 2nd RF BW.
In addition, the 2nd RF BW need not be contiguous considering that it is very wide (e.g. each contiguous allocation may be on orders of 100MHz which may be supported by a single RF chain and the overall allocation may be on orders of 1GHz). Depending on the RF implementation and the RF capabilities of the UE (and exchanged as part of the UE capability information), a UE may be allotted non-contiguous allocations inside a very wide NW bandwidth [7]. All allocations given to the UE in this manner together constitute the definition of the 2nd RF BW.

Resource Allocation
When a UE specific BW is an order of magnitude higher than in LTE i.e., >100 MHz, the resource allocation (RA) may have to be re-designed to reduce signaling overhead and DCI sizes. For example, Type-0/1 allocations in LTE may be extended by considering the RBG size to proportionally scale to the BW. Type-2 RA is applicable for contiguous allocations and NR may not be restricted to only support Type-2 RA for large BWs as this cannot achieve frequency diverse scheduling gains, may result to resource fragmentation, and throughput loss. For the case of Type-0/1 allocations and for a cell bandwidth of 100 RBs in LTE, the number of bits needed for RA is 25. Even if the RBG sizes are scaled (as done in LTE for increasing cell bandwidth sizes), the RA field will also increase while frequency selectivity will decrease. 
An alternative mechanism is to define a “data resource set” similar to the control resource set agreed for NR-PDCCH transmissions. A control resource set is a set of PRBs (need not be contiguous in frequency) within which the UE attempts to blindly decode NR-PDCCH. Similarly, a data resource set can be defined as a set of PRBs which is allocated to the UE with a given numerology. Multiple data resource sets can be allocated to the UE depending on the UE capability [7].
Proposal 2: Consider resource allocation types with reduced overhead for wideband operation.
Summary
In this contribution, we discussed various aspects about supporting wider BW for NR and the following observations/proposals are made – 
Observation 1: minimum RRM BW is equal to the initial access BW. 
Observation 2: The minimum BW for a UE is equal to or larger than the initial access BW. 
Observation 3: A RRC Idle mode UE only monitors the initial access BW region.
Observation 4: RRM BW is equal to or larger than the initial access BW.
Observation 5: There is a tradeoff in terms of flexibility and signaling overhead between a) sharing 1st RF BW across UEs with a common location for monitoring UE-common information and b) dedicated 1st RF BW location for some UEs and replication of UE-common information. 
Observation 6: RRM BW inside the 1st RF BW or separate from the 1st RF BW with support of UE retuning are viable options for a network to select. 
Observation 7: UE hardware aspects, such as supported FFT size and RF BW, and the numerology in a given frequency band are important factors in determining a BW that can supported for single-carrier operation on the 2nd RF BW.

Proposal 1: UE shall be able to assume cell-common RRM BW configurations across cells, for inter-cell measurement.
Proposal 2: Consider resource allocation types with reduced overhead for wideband operation.
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