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1. Introduction 
In the RAN WG1 Meeting #89, the following agreements were made regarding the bandwidth part (BWP) concept [1].

	
Agreements:
· Confirm the WA of RAN1#88bis.
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)
· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
· FFS: down selection of combinations
· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 
· It does not imply that it is required for UE to support different numerologies at the same instance.
· FFS: TB to bandwidth part mapping
· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching
Agreements:
· In case of one active DL BWP for a given time instant, 
· Configuration of a DL bandwidth part includes at least one CORESET.
· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.
· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs
· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 
· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)
· Option #1: DCI (explicitly and/or implicitly) 
· Option #2: MAC CE
· Option #3: Time pattern (e.g. DRX like)
· Details FFS


On the other hand, regarding the PRB grid structure, the following agreement was made [1]. 

	
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


In this contribution, the following topics are discussed:
· Remaining issues on BWP
· Issues related to coexistence of narrow bandwidth, CA, and wide bandwidth UEs. 
· RS sequence generation
· PRB grid alignment and PRB indexing
Other topics discussed under the wider bandwidth operations in the last meeting, such as multiple SS-blocks, frequency location related to CORESET, and RBG sizes are not discussed in this contribution per the agreed work plan on the wider bandwidth operation [2].
2. Remaining issues on BWP
2.1. Error case Handling for DCI based activation
As in the agreement made in the last meeting, several options for BWP activation are considered. The options include the activation via DCI (explicitly and/or implicitly), MAC CE, time pattern and possible combinations of them. The MAC CE based activation mechanism is considered more reliable compared to the DCI based activation mechanism, but the reliability comes at the cost of longer latency for the activation. The DCI based approach, although it can be quite prompt, requires some additional care on the handling of error cases. 
The error case can occur when a UE misses the BWP switching command in the DCI. Unless the CORESET of the current BWP and that of the target BWP are overlapping, if the UE misses the switching command, the UE cannot receive any more control message and, thus, data. A UE may switch to a default bandwidth part if the previously received switching command has been outdated and/or the UE does not receive any message destined to it for a certain amount of time. The default BWP can be one particular BWP agreed between the UE and the gNB. The entire component carrier itself can be for instance a default BWP. If the gNB wants the UE to stay in one BWP, then the gNB can reconfirm the current bandwidth part by sending the switching command indicating the current BWP ID.

[image: ]
Figure 1. Illustration of error case with DCI based BWP switching

Proposal 1: A UE switches to a default bandwidth part, if the previously received switching command has been outdated or the UE does not receive any new data for a certain amount of time. 
2.2. Activation of multiple BWPs
In the previous meeting, the simultaneous activation of multiple BWPs with same or different numerologies for a UE was left FFS. 
2.2.1. Multiple BWPs with same numerology 
There is at least no RF power saving by activating multiple BWPs instead of activating one wider BWP containing the multiple BWPs. Consider the example in Figure 2. Activating BWP 3 compared to activating BWP 1 and BWP 2 are not different from RF perspective, because the opened RF BW cannot be discontinuous for a single RF chain.  
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Figure 2. Example activation of multiple BWPs

From the perspective of configuring different slot durations, the activation of multiple BWPs can be useful. For instance, one BWP has 7 symbol slot duration, while another BWP has 14 symbol slot duration. The configuration of different slot durations can be helpful to serve traffics with different latency requirement. For BWP configured with longer slot duration, the PDCCH monitoring overhead can be reduced. On the other hand, for a given UE, it seems there is no use case of configuring different CP types for simultaneously activated different BWPs with the same SCS. As it is expected that the processing of multiple BWPs with same numerology does not impose significant burden to UE, we derive the following proposal.

Proposal 2: The activation of multiple BWPs with same numerology but with potentially different slot durations is allowed. 
2.2.2. Multiple BWPs with different numerologies 
There is a good motivating scenario favored by the simultaneous activation of multiple BWPs with different numerologies, such as to serve URLLC traffic with wider SCS than that for eMBB traffic. The multiple BWPs can be overlapping or non-overlapping. If a BWP for URLLC overlaps with a BWP for eMBB, the preemption based URLLC transmission over eMBB transmission can be also envisioned.
The activation of multiple BWPs with different numerologies may imply that the UE has to be able to process different numerologies at a given time. Note that supporting multiple numerologies at a given instance requires a UE to implement multiple FFT/IFFT blocks and multiple digital signal processing chains to process different numerologies simultaneously. It was thus agreed in the last RAN1 meeting that “It does not imply that it is required for UE to support different numerologies at the same instance”. Eventually, how many different numerologies can be simultaneously supported must be left to UE capability.
Proposal 3: The simultaneous support of multiple numerologies and the number of different numerologies that can be concurrently processed by a UE shall be UE capability. 

For UEs supporting different numerologies at a given instance, multiple BWPs with different numerologies can be activated without additional constraints. For instance, the CORESETs can be separately configured for each BWP, and the UE can simultaneously monitor PDCCHs with different numerologies. 
Proposal 4: For UEs supporting different numerologies at a given instance, activating multiple BWPs with different numerologies is supported. 

The activation of multiple BWPs with different numerologies can be still considered even for UEs who do not support different numerologies at the same instance. The following options can be considered from a UE perspective:
· TDM of multiple activated BWPs
For a given periodicity, the semi-static TDM pattern of multiple BWPs is signaled to UE. At a given time instance, the UE only monitors the PDCCH with the corresponding numerology only. This option is the simplest but the least efficient. 
Similarly an adaptive TDM pattern of multiple activated BWPs can be considered as well. (e.g., DRX like operation) 
· Dynamic indication between multiple BWPs
The current slot can indicate, e.g., via PDCCH, the BWP of the next among the set of activated BWPs. This option is the most efficient but needs to handle the case of lost switching command as in Section 2.1 

The difference of the above options compared to activating single BWP is that the UE RF BW is expected to be tuned to cover all the activated multiple BWPs. Therefore, no RF retuning time needs to be taken into account during the transitions of BWPs from network perspective. 

Proposal 5: Multiple BWPs with different numerologies can be activated for UE who does not support different numerologies at the same instance as long as it does not require the UE to process multiple numerologies simultaneously. 
2.3. Scheduling aspects with multiple BWPs
As it was agreed, in the case of one active DL BWP for a given time instance, configuration of a DL BWP includes at least one CORESET. In the case when multiple BWPs are active, multiple options can be considered:
· Self-BWP scheduling
Each CORESET is configured for each BWP. With Self-BWP scheduling, the PDCCH and the correspondingly scheduled PDSCH are contained within the same BWP. An analogy is the LTE self-carrier scheduling. It is the simplest approach but the UE has to monitor multiple CORESETs. 
· Cross-BWP scheduling
With this approach, a CORESET is configured on only one BWP and other activated BWPs do not have CORESET. This implies that the PDCCH is sent in only one BWP and PDSCH in other BWPs must be scheduled by the PDCCH sent in the BWP with configured CORESET. This is similar to LTE cross-carrier scheduling. The cross-BWP scheduling can be especially more appealing for the case of multiple activated BWPs with different numerologies.
If the numerologies of the multiple activated BWPs are different, it is not possible for a UE, who doesn’t have capability, to monitor CORESETs with different numerologies at the same instance. With the cross-BWP scheduling, the PDSCH in other BWPs can be scheduled by PDCCH in another BWP. The UE does not need to monitor multiple CORESETs with different numerologies at the same time. 
Observation 1: The cross-BWP scheduling can be especially more appealing for the case of multiple activated BWPs with different numerologies.
Proposal 6: Both self-BWP scheduling and cross-BWP scheduling are supported. 
3. Co-existence of NB, CA, and WB UEs
In RAN1 Meeting #88bis, it was agreed that “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”. Consequently, the notion of component carrier has become UE-specific rather than cell-specific. In this section, we discuss some remaining issues for the coexistence of NB, CA, and WB UEs on the same carrier from network perspective.
3.1. PRB indexing
In the previous meeting, it was agreed that same PRB grid structure for a given numerology is assumed for NB, CA, and WB UEs. One remaining aspect is the PRB indexing. 
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Figure 3. Coexistence of NB, CA, and WB UEs 

The PRB indexing issue in the context of NB, CA, and WB UE coexistence is equivalent to whether to use UE-specific indexing or system specific indexing. 
3.1.1. Common PRB indexing
Under this approach, the PRB indexing is defined for a given system BW of a NR carrier from network perspective and thereby the indexing is common to all the UEs regardless of whether they are NB, CA, or WB UEs. In this case, the PRB indexing shall be based on some reference point on the CC from network perspective. On the other hand, as the SCS can be different between UEs or even between BWPs of a UE, the PRB indexing also needs to be based on some reference numerology (e.g., 15KHz for sub-6GHz carrier frequency) or numerology which is employed for the transmission of SS block, PBCH, or NR remaining minimum system information (RMSI).
Note that common PRB indexing is necessary for NB or CA UEs to recognize a part of reference signal that it is reading or for group common PDSCH scheduling.
Observation 2: Common PRB indexing is necessary for NB or CA UEs to recognize a part of reference signal that it is reading or for group common PDSCH scheduling.
Proposal 7: The common PRB indexing is based on some reference point on the CC (e.g., center frequency, or in reference to the SS block, etc.) and some reference numerology (e.g., predetermined SCS or SCS signaled in PBCH/RMSI, etc.) from network perspective. 
 
The common PRB indexing requires that all the UEs, regardless of whether they are NB or CA UEs, need to know the entire CC structure, i.e., the total number of PRBs in the CC from network perspective and the starting PRB index for them. 

Proposal 8: The UEs are signaled on the total number of PRBs in the CC from network perspective and their starting PRB index for a given subcarrier spacing. 
3.1.2. UE-specific PRB indexing
A UE-specific PRB indexing can be considered such that each UE has their own PRB indexing starting from 0. For instance, consider a NB UE configured for PRBs indexed from 100 – 149 out of total 0 – 199 indexed PRBs from network perspective. The UE-specific PRB indexing for such UE will be 0 – 49. 
Note that as discussed in the previous section, it seems that the cell-specific common PRB indexing is anyway necessary for NB or CA UEs to recognize a part of reference signal that it is reading or for group common PDSCH scheduling. It can be considered that the UE-specific PRB indexing will be beneficial in terms of requiring less number of bits to express the resource allocation in DCI. For instance, the number of bits to express 0 – 49 will be smaller than 100 – 149, by removing the bits expressing constant value, i.e., 100. However, it is a decoupled question whether the DCI will be designed in such a way that its payload size adapts to the number of bits needed to express the resource allocation. 
If the UE-specific indexing is supported, the indexing can be based on the UE-specific CC bandwidth or configured frequency range rather than the active BWP as the concept of BWP is more dynamic, which is not suitable for the purpose of PRB indexing. 
3.2. RS sequence generation
The issue relates to the RS sequence generation for the consideration of NB, CA, and WB UE coexistence. The DL RSs, such as CSI-RS, DM-RS, PT-RS, are spread over the entire CC BW, and any UE regardless of whether they are NB, CA, or WB UE should be able to utilize the same sequence. In this regard, a PN sequence with nested structure seems suitable. On the other hand, to cover the BW lager than the LTE 20 MHz BW, a polynomials of larger degree will be necessary. 

Proposal 9: The DL RSs are based on PN sequence with nested structure with polynomials of a larger degree compared to LTE.

On the other hand, any UE regardless of whether they are NB, CA, or WB UE should be able to recognize which part of the sequence that they are currently looking at. Otherwise, the measurement cannot be performed correctly. Consequently, the Proposal 8 is reemphasized here. 
The UL RSs can be handled readily as they are controlled by gNB. 
4. Conclusion
In this contribution, we discussed remaining open issues on wider bandwidth operation. Specifically, remaining issues on BWP and issues related to the coexistence of NB, CA, and WB UEs were discussed. To this end, the following observations and proposals were made:

[bookmark: _GoBack]Proposal 1: A UE switches to a default bandwidth part, if the previously received switching command has been outdated or the UE does not receive any new data for a certain amount of time. 
Proposal 2: The activation of multiple BWPs with same numerology but with potentially different slot durations is allowed. 
Proposal 3: The simultaneous support of multiple numerologies and the number of different numerologies that can be concurrently processed by a UE shall be UE capability. 
Proposal 4: For UEs supporting different numerologies at a given instance, activating multiple BWPs with different numerologies is supported.  
Proposal 5: Multiple BWPs with different numerologies can be activated for UE who does not support different numerologies at the same instance as long as it does not require the UE to process multiple numerologies simultaneously. 
Observation 1: The cross-BWP scheduling can be especially more appealing for the case of multiple activated BWPs with different numerologies.
Proposal 6: Both self-BWP scheduling and cross-BWP scheduling are supported.
Observation 2: Common PRB indexing is necessary for NB or CA UEs to recognize a part of reference signal that it is reading or for group common PDSCH scheduling.
Proposal 7: The common PRB indexing is based on some reference point on the CC (e.g., center frequency, or in reference to the SS block, etc.) and some reference numerology (e.g., predetermined SCS or SCS signaled in PBCH/RMSI, etc.) from network perspective. 
Proposal 8: The UEs are signaled on the total number of PRBs in the CC from network perspective and their starting PRB index for a given subcarrier spacing. 
Proposal 9: The DL RSs are based on PN sequence with nested structure with polynomials of a larger degree compared to LTE.
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