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1 Introduction
In 3GPP RAN1 Session #88bis, the following working assumptions have been achieved on wider bandwidth operations.
· 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
Based on the above working assumptions, UE RF bandwidth adaptation for UE power saving is allowed by switching bandwidth part configuration with different bandwidth.  However, there are still many open issues, e.g. default bandwidth part for initial access & idle mode operation, indication of bandwidth part configuration for dynamic resource allocation, bandwidth part configuration association with CORESET, synchronization maintenance, CSI measurements & RRM measurements.
This paper provides our views for the following topics. 
· Carrier bandwidth
· Efficient single-carrier operation
2 Carrier Bandwidth
According to the agreements in last RAN1 meeting, even though the maximal NR carrier bandwidth is 400MHz in Rel-15, for each subcarrier spacing, the maximal NR carrier bandwidth should be limited by the maximal number of subcarriers per NR carrier.  The maximal contiguous spectrum for one operator in sub6 & above6 (up to 40GHz) frequency bands is not larger than 200MHz & 800MHz respectively and carrier aggregation can be applied if the maximal contiguous spectrum for one operator is larger than 1.6GHz so from our views, it is sufficient to support 3300 as the maximal number of subcarriers per NR carrier and the maximal NR carrier bandwidth per subcarrier spacing for single numerology case can be derived accordingly as shown in Table 1.  For minimal NR carrier bandwidth, it would depend on the conclusion of synchronization signals & NR-PBCH.
Table 1. Max. carrier bandwidth per subcarrier spacing for single numerology case

	Subcarrier spacing
	15 KHz
	30 KHz
	60 KHz
	120 KHz
	240 KHz
	480 KHz

	Max. carrier bandwidth 
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	1.6 GHz

	Max. number of subcarriers per carrier
	3300

	Max. number of PRBs per carrier
	275


For single numerology case, it’s easy to define the maximal number of subcarriers within a carrier.  For mixed numerology case, which subcarrier spacing is used to define the maximal number of subcarriers within a carrier doesn’t have an easy answer.   From our views, the agreement on the maximal number of subcarriers within a carrier to be supported in Rel-15 is sufficient.  From RAN1 perspective, only the maximal number of subcarriers is meaningful because it’s related to the maximal radio resources for scheduling within a carrier.  Therefore, for both single and mixed numerology cases, the total number of subcarriers within a carrier should not exceed 3300 and the carrier bandwidth can be calculated based on the supported subcarrier spacings within a carrier accordingly.  For mixed numerology case, UE has to receive signals using different subcarrier spacings separately and apply appropriate IFFT size for each received signal using one of the subcarrier spacings.  If the total number of subcarriers using mixed numerology within a carrier doesn’t exceed 3300, maximal FFT/IFFT size can be limited to 4K.  Figure 1 illustrates an example when 15 KHz subcarrier spacing is used for SS block(s) and 30 KHz subcarrier spacing is used for data channel.
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Figure 1. Illustration of mixed numerology within a carrier

Proposal #1: For single numerology within a carrier, RAN1 specifies the maximal number of subcarriers as 3300 or PRBs as 275 within a carrier, instead of maximal carrier bandwidth.
Proposal #2: For mixed numerology within a carrier, RAN1 specifies the maximal number of subcarriers as 3300 or PRBs as 275 within a carrier, instead of maximal carrier bandwidth, no matter which combination of subcarrier spacings is applied within a carrier.
3 Efficient Single-carrier Operation
3.1 Common bandwidth part
In RAN1#85, it was agreed as follows.

· NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth

This agreement implies that NR should support a scalable physical-layer design, which should be independent of carrier bandwidth or the number of subcarriers supported in a carrier.  Therefore, unlike LTE, carrier bandwidth broadcasting in NR-PBCH is no longer meaningful to UEs because UEs doesn’t require carrier bandwidth to access the radio resources for initial access, CONNECTED mode operation and IDLE mode operation.

· For initial access, a UE can start network entry procedure from the channel bandwidth of SS block(s) and wider channel bandwidth (e.g. carrier bandwidth) could be required for the remaining minimal system information broadcast to reduce the number of fixed DL slots for efficient dynamic TDD operation.  However, not all UEs are able to access the whole carrier bandwidth so the channel bandwidth for the remaining minimal system information broadcast should be the one supported by all UEs, instead of the carrier bandwidth.

· For CONNECTED mode operation, the accessible channel bandwidth within a carrier for UEs can be UE-specific so it can be provided to a UE by bandwidth part RRC-layer configuration & MAC CE indication after UE capability negotiation.

· For IDLE mode operation, channel bandwidth larger than SS blocks may be required to reduce the time for paging message transmission for minimal UE power consumption. However, not all UEs are able to access the whole carrier bandwidth so the channel bandwidth for paging message transmission should be the one supported by all UEs, instead of the carrier bandwidth.

Therefore, for initial access & IDLE mode operation, a common bandwidth part for a component carrier should be configured to a UE and the configuration can be provided in minimum system information because the configuration may need to be adjusted based on the minimum channel bandwidth supported by the served UEs and its capacity to accommodate system information & paging messages.  From our views, the configuration of DL common bandwidth part, which at least contains SS block(s), remaining system information broadcast and paging messages, can be provided in NR-PBCH and the configuration of UL common bandwidth part, which at least contains PRACH and PUCCH resources can be provided in the remaining minimum system information.  There may be multiple common bandwidth parts within a component carrier for load balancing.  Figure 2 illustrates an example with two DL/UL bandwidth part configurations for two different UEs to access.
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Figure 2. Illustration of multiple DL/UL common bandwidth part configurations for load balancing
Proposal #3: The configuration of a DL common bandwidth part for a component carrier should be provided to a UE in NR-PBCH.

· A DL common bandwidth part at least contains SS block(s), remaining system information broadcast, RAR and paging messages

Proposal #4: The configuration of a UL common bandwidth part for a component carrier should be provided to a UE in the remaining minimum system information carried by PDCCH scheduled PDSCH over a DL common bandwidth part.
· A UL common bandwidth part at least contains PRACH and PUCCH resources
3.2 Bandwidth part switch
According to the working assumption in last RAN1 meeting, additional bandwidth part configuration(s) for each component carrier can be semi-statically signalled to a UE but how to indicate bandwidth part configuration(s) to a UE for dynamic scheduling is FFS.  It involves the following two questions.
· Q1: How many bandwidth part configurations can be indicated to a UE for dynamic scheduling?
· Q2: Which signalling can be used for bandwidth part indication?
For Q1, one possible use case to have multiple bandwidth part configurations indicated to a UE for dynamic scheduling is to allow UE to perform synchronization & receive broadcasting messages over a DL common bandwidth part and receive dynamically scheduled data in another bandwidth part.  However, this use case provides no benefit in both UE power saving and scheduling flexibility.  The only potential benefit may be the DCI size for the aggregated radio resources.  In addition, allowing multiple SS block frequency locations within a carrier could be another better solution for synchronization & receiving broadcasting messages.  Figure 3 compares the benefits for different cases.  From Figure 3, we don’t see the necessity and attractive benefits to indicate multiple bandwidth part configurations to a UE for dynamic scheduling.  We also don’t see the necessity to have a bandwidth part containing no SS block.
[image: image3.emf]BP #1

UE RF Bandwidth

Case 1 Case 2 Case 3

BP #1

CBP

BP #1

Case 1 Case 2 Case 3

No No Yes UE Power Saving

No Yes No Scheduling Gain

Medium Large Small DCI Size

SS block(s)


Figure 3. Comparison of single and multiple bandwidth part configurations indicated to a UE for dynamic scheduling
For Q2, similar mechanisms applied for component carrier activation/deactivation by MAC CE in LTE CA can be applied in NR single-carrier operation due to its decoding reliability.  Figure 4 illustrates bandwidth part configuration switch by MAC CE indicating to a UE which bandwidth part configuration is used for dynamic scheduling at a given time.  Though there is data service interruption during the transition time of bandwidth part switching, it won’t introduce significant system performance degradation if bandwidth part configuration switch is not preformed frequently.  For example, UE throughput would degrade by 0.8% if two bandwidth part configuration switches with 4ms transition time are performed from one bandwidth part configuration to another and then back to original one within 1 second.
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Figure 4. Example illustration for bandwidth part configuration switch by MAC CE within a component carrier
Proposal #5: A bandwidth part should contain SS block(s).
Proposal #6: Single bandwidth part configuration is indicated by MAC CE to a UE for dynamic scheduling at a given part.
· FFS the content of MAC CE
· FFS the interruption time with no data transmission for bandwidth part configuration switch
3.3 Bandwidth part association with CORESET
Based on the latest 3GPP RAN1 status, there are CORESET and bandwidth part configurations but it’s still not clear how these two configurations are associated.  For load balancing with a carrier & UE power saving, each bandwidth part configuration should contain a CORESET with UE-specific search space and all bandwidth part configurations should contain the CORESET with common search space, which is broadcasted in NR-PBCH.
Proposal #7: Each bandwidth part configuration should contain a CORESET with UE-specific search space.
Proposal #8: All bandwidth part configurations should contain the CORESET with common search space, which is configured in NR-PBCH.
3.4 AGC & synchronization
According to the reply LS from RAN4 [1], AGC is not required for the bandwidth part configuration switch in single-carrier operation due to the assumption of the same cell (i.e. same carrier and same gNB).  However, time/frequency synchronization tracking could be another critical issue because wider bandwidth part (e.g. 275 PRBs) requires finer timing resolution for better data channel decoding performance and it can’t be achieved by narrowband synchronization signals which occupy 12 PRBs only.  Therefore, wideband reference signals are beneficial for a UE to fine-tune its time/frequency synchronization accuracy & obtain accurate AGC level to allow data scheduling with high MCS level immediately after bandwidth part configuration switch.  Potential options for the wideband reference signals could be as follows.
· Option #1: Periodic wideband time/frequency tracking reference signal if it exists

· Option #2: Aperiodic wideband CSI-RS triggered by the bandwidth part configuration switch signalling
Proposal #9: Further discuss whether & how to optimize the data channel decoding performance immediately after the bandwidth part configuration switch in Release 15.
3.5 Transition time analysis
The transition time issue for bandwidth part switch within a wideband carrier is similar to intra-band contiguous spectrum CA in LTE and the only difference is that single RF chain can be assumed for single-carrier operation.  According to the reply LS from RAN4 [1], the transition time includes the following components if it’s defined as the time duration between the receiving of bandwidth part configuration switch signalling and the readiness for PDCCH monitoring.

· Processing time of bandwidth part configuration signalling

· Settling time of RF retuning
· Settling time of A/D or D/A converter

· Settling time of AGC (for DL only)
For the processing time of UE RF bandwidth adaptation signalling, there could be two potential methods – 1) MAC CE signalling; 2) Layer-1 signalling.  Based on LTE experience, MAC CE signalling may require around 4 ms for processing due to cross-layer operation while layer-1 signalling may require around 1 ms for processing due to same-layer operation.  The sum settling time of RF retuning and ADC/DAC usually takes around 50 μs for UE RF bandwidth adaptation within a component carrier regardless the conditions listed in the LS [2][4].  Figure 5 shows the transition time for different types of bandwidth adaptation signalling in single-carrier operation.  
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Figure 5. Transition time comparison for MAC CE & L1 signalling
In Figure 5(a), transition time 1 is an ambiguity time because DL data transmission can continue using bandwidth part #1 during transition time 1 theoretically.  However, depending on different UE implementations, UE may start RF tuning & AGC settling at different time points within the transition time 1 so the transition time as the worst case is equal to the sum of transition time 1 & 2 for MAC CE signalling, i.e. around 4 ms.  However, if there is a clear definition on the time duration for UE to perform RF tuning & AGC settling (e.g. slot n+4), DL data transmission over bandwidth part #1 is allowed in the transition time 1 and the interruption time without any data transmission can be reduced to 1 ms.  
In Figure 5(b), DL data transmission can continue in the slot UE receives the bandwidth part configuration switch signalling so the transition time is around 1 ms.  Though NR supports different subcarrier spacings and larger subcarrier spacing introduces smaller slot length, the transition time should be the same for all supported subcarrier spacings because the transition time is related to UE hardware implementation which is independent of subcarrier spacing.  Therefore, the transition time is dominated by the processing time of the bandwidth part configuration switch signalling.  Furthermore, the same situation can be applied to both DL and UL.

Proposal #10: Further study the transition time of bandwidth part configuration switch and its corresponding impact on UE throughput.
4 Conclusion
Proposals are summarized as follows.
Proposal #1: For single numerology within a carrier, RAN1 specifies the maximal number of subcarriers as 3300 or PRBs as 275 within a carrier, instead of maximal carrier bandwidth.
Proposal #2: For mixed numerology within a carrier, RAN1 specifies the maximal number of subcarriers as 3300 or PRBs as 275 within a carrier, instead of maximal carrier bandwidth, no matter which combination of subcarrier spacings is applied within a carrier.
Proposal #3: The configuration of a DL common bandwidth part for a component carrier should be provided to a UE in NR-PBCH.

· A DL common bandwidth part at least contains SS block(s), remaining system information broadcast, RAR and paging messages

Proposal #4: The configuration of a UL common bandwidth part for a component carrier should be provided to a UE in the remaining minimum system information carried by PDCCH scheduled PDSCH over a DL common bandwidth part.

· A UL common bandwidth part at least contains PRACH and PUCCH resources
Proposal #5: A bandwidth part should contain SS block(s).
Proposal #6: Single bandwidth part configuration is indicated by MAC CE to a UE for dynamic scheduling at a given part.
· FFS the content of MAC CE

· FFS the interruption time with no data transmission for bandwidth part configuration switch
Proposal #7: Each bandwidth part configuration should contain a CORESET with UE-specific search space.

Proposal #8: All bandwidth part configurations should contain the CORESET with common search space, which is broadcasted in NR-PBCH.
Proposal #9: Further discuss whether & how to optimize the data channel decoding performance immediately after the bandwidth part configuration switch in Release 15.
Proposal #10: Further study the transition time of bandwidth part configuration switch and its corresponding impact on UE throughput.
