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1   Introduction

Bandwidth part (BWP) has been intensively discussed in RAN1 and briefly discussed in RAN2 with some agreements captured below [1][2]. 
	RAN2#99bis (Oct. 2017)

1:
BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.

2a:
RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 

2b
RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)

3
For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')
4
Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.

5
Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).

6
The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

	RAN1#90bis (Oct. 2017)
Agreements:

· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.

· PDSCH delievering RMSI are confined within the initial active DL BWP


Based on the agreements, this contribution is aimed to address some essential issues for EN-DC completion.
2   General assumption
First, we should clarify the relationship between some terminologies, including cell defining SSB, initial active BWP, default BWP.
The cell defining SS block should define a cell, i.e. it should be associated with MIB/SIBs which also allow idle UEs to access to the cell. In this sense, there is actually one DL BWP and one or two (for SUL case) UL BWPs associated with the cell defining SSB, and these DL/UL BWPs are seen by idle UEs as initial active DL/UL BWPs as defined by RAN1.
Observation 1: There is one DL BWP and one or two (for SUL case) UL BWPs associated with the cell defining SSB, and these DL/UL BWPs are seen as initial active BWPs by idle UEs.

The DL/UL BWPs associated with the cell defining SSB are also useful for the UE in connected state, e.g. when receiving SI/paging or performing RACH. To ease the discussion, those BWPs can be called “initial DL/UL BWPs”, consistent with the “initial active BWPs” seen by the idle UEs. The initial DL/UL BWPs are UE specific, as different UEs may be configured with different cell defining SSBs in different frequencies of the wideband carrier.
Assumption: For the connected UE, the DL/UL BWPs associated with the cell defining SSB are called “initial DL/UL BWPs”, in line with initial (active) BWPs seen by idle UEs.
Note that the initial DL/UL BWPs are not necessarily the default BWP. The default BWP defined by RAN1 is only for DL and for the purpose of power saving. When the BWP switch timer expires, i.e. the UE has not been scheduled for a period, the UE should switch to the default BWP (DL only) to reduce PDCCH monitoring activity. The bandwidth and/or numerology of the default DL BWP can be adapted according to the capability and requirements of the UE. That is to say, the initial DL/UL BWPs and the default BWP (DL only) are serving different purposes, and can be configured independently based on network implementation.
Proposal 1: The initial DL/UL BWPs and the default BWP (DL only) can be independently configured.
Initial DL/UL BWPs shall be used by the UE in RRC_CONNECTED before dedicated BWPs are configured. As the initial DL/UL BWPs have already been configured in SIB or dedicated signaling e.g. ServingCellConfigCommon, it is possible to use it even for UEs in RRC_CONNECTED after the dedicated BWPs are configured. To this end, a BWP index (e.g. 0) can be assigned to the initial DL/UL BWP but the initial BWPs do not need to be included in the dedicated BWP list, so that the gNB can switch DL/UL active BWPs to the initial BWPs by DCI.
Proposal 2: Initial DL/UL BWPs are associated with BWP index #0 and can be used by UEs in RRC_CONNECTED.
3   RACH configuration for EN-DC
In EN-DC scenario, the UE also needs to perform RACH in some cases, e.g. PSCell addition/change, SR failure and etc. There are several alternatives for PRACH configuration.
· Alternative 1: The PRACH resource to be used by the connected UEs is the one configured for the initial DL/UL BWPs, i.e. associated with the cell defining SSB. The PRACH resource is located in the initial UL BWP as illustrated in Fig.1. For EN-DC case, the PRACH resource is configured to the UE in the serving cell’s common configuration ServingCellConfigCommon via RRC dedicated signalling. However, it is worth noting that this PRACH resource should be the same as the one broadcast in SIB1 associated with the cell defining SSB, which is used by standalone NR UEs. In this case, when random access is triggered by the UE, the UE should switch to the initial DL/UL BWPs to do RACH, regardless of the current active DL/UL BWPs.
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Fig.1 Alternative 1 for PRACH configuration for PSCell and SCells in SCG for EN-DC
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Fig.2 Alternative 2 for PRACH configuration for PSCell and SCells in SCG for EN-DC
Alternative 2: the PRACH resources to be used by the connected UEs may include PRACH not configured for the initial UL BWP as well as the PRACH for the initial UL BWP. Those PRACH resources may be located in different UL BWPs as illustrated in Fig.2. There are some benefits for this configuration. For example, more PRACH resources would be available for the connected UE, and the UE may not need to switch to the initial DL/UL BWP to perform RACH. However, there are also some problems therein. The PRACH resources located in different BWPs (e.g. intial UL BWP, UL BWP1 and BWP2) may be used by any UEs in idle and connected states, and the gNB has no idea of the UE sending the preamble in those PRACHs. Therefore, the gNB does not know to schedule DL Msg2 and UL Msg3 in which DL/UL BWPs. 

The two alternatives are compared in Table-1.

Table-1 Pros and cons of the two alternatives

	
	Alternative 1
	Alternative 2

	Pros
	No ambiguity to gNB for scheduling Msg2/3; 
When performing RACH, the UE should use initial DL/UL BWPs, so the gNB can just schedule Msg2/Msg3 in the initial DL/UL BWPs. 
	The UE does not need to switch its active BWPs when triggering RACH, and there is no interruption for DL/UL.

	Cons
	The UE needs to switch to the initial DL/UL BWPs when performing RACH. For contention based RACH triggered by e.g. SR failure, there could be a short interruption, as the gNB has no idea about the autonomous BWP switch by the UE.
	There is ambiguity to the gNB for Msg2/3 scheduling. After receiving a preamble, the gNB has no idea which UE sent the preamble and thus does not know to schedule Msg2/3 on which DL/UL BWPs.


Based on the comparison, we slightly prefer alternative 1. Furthermore, alternative 1 should be applied to PRACH configuration for PSCell and SCells in SCG in EN-DC.
Note that Alternative 1 should be applicable for contention free RACH as well as contention based RACH. For contention free case, e.g. PSCell addition/change, the contention free PRACH resources should be configured for the initial UL BWP, and the UE would initiate random access from the initial DL/UL BWP.
Proposal 3: In EN-DC case, for PSCell and SCells in SCG, PRACH (if configured) is configured for the initial DL/UL BWPs only.
Proposal 4: When RA is triggered, the UE autonomously switches UL to the initial UL BWP and sends the preamble in PRACH of the initial UL BWP, for both contention based and contention free cases.

For DL Msg2 reception for different cases, e.g. in PSCell/SCells and on paired/unpaired spectrum, details should be discussed in stage-3 (please refer to our companion paper [3]).
Another non-technical issue is where BWP switch procedure should be specified, i.e. in PHY specifications or in MAC. If the proposals above are agreed, then RACH may trigger autonomous BWP switch. In this case, we think it is beneficial to specify BWP switch in MAC specification to avoid unnecessary inter-layer coordination. Note that, currently there is no BWP switch procedure specified in TS 38.213. Moreover, the procedure for timer based autonomous BWP switch to the default BWP is similar to autonomous SCell release which is already specified in MAC.

Proposal 5: Specify BWP switch procedure in MAC specification.
4   BWP configuration for EN-DC
According to the analysis above, during the RACH procedure, the UE transmits the preamble in the PRACH configured for the initial UL BWP first and may receive RAR in the initial DL BWP. Therefore, the initial DL/UL BWPs (i.e. the DL/UL BWPs associated with the cell defining SS block) should be configured to the UE first in the PSCell configuration in EN-DC. If PRACH is configured for a SCell in SCG, at least the initial UL BWP should also be configured for the SCell correspondingly, and the initial DL BWP can also be configured to the UE so that the gNB can switch DL to the initial DL BWP.
Proposal 6: For EN-DC, the initial DL/UL BWPs should be configured for PSCell/SCells.
Note that, if SUL is configured for PSCell or SCells in SCG, the UE may perform RACH on any of the UL carriers according to RSRP measurements, and thus the initial UL BWP should be configured accordingly for each UL carrier with PRACH configured.
Proposal 7: For SUL, the initial UL BWP should be configured for each UL carrier.

5   Conclusion
Observation 1: There is one DL BWP and one or two (for SUL case) UL BWPs associated with the cell defining SSB, and these DL/UL BWPs are seen as initial active BWPs by idle UEs.

Assumption: For the connected UE, the DL/UL BWPs associated with the cell defining SSB are called “initial DL/UL BWPs”, in line with initial (active) BWPs seen by idle UEs.
Proposal 1: The initial DL/UL BWPs and the default BWP (DL only) can be independently configured.
Proposal 2: Initial DL/UL BWPs are associated with BWP index #0 and can be used by UEs in RRC_CONNECTED.
Proposal 3: In EN-DC case, for PSCell and SCells in SCG, PRACH (if configured) is configured for the initial DL/UL BWPs only.
Proposal 4: When RA is triggered, the UE autonomously switches UL to the initial UL BWP and sends the preamble in PRACH on the initial UL BWP, for both contention based and contention free cases.

Proposal 5: Specify BWP switch procedure in MAC specification.

Proposal 6: For EN-DC, the initial DL/UL BWPs should be configured for PSCell/SCells in ServingCellConfigCommon.

Proposal 7: For SUL, the initial UL BWP should be configured for each UL carrier.
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