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Introduction
Bandwidth parts (BWP) has been discussed extensively in RAN1, but, there are still some remaining details such as how to achieve the activation and deactivation of the DL and UL bandwidth parts.
Some of the relevant agreements are captured as follows:
Agreement:
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier
· Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time
· In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space
Agreements:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern
Agreement:
· In configuration of a BWP
· A UE is configured with BWP in terms of PRBs
· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.
· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.
· NR supports MU-MIMO between UEs in different (but overlapping) BWPs


In this contribution, we provide some details of the remaining issues for the bandwidth parts such as how to achieve the activation and deactivation of the DL and UL bandwidth parts.

Options for Activating and Deactivating Bandwidth part
For activating and deactivating the DL and UL bandwidth parts, few options were listed in the last meeting as follows:
Option 1: By means of dedicated RRC signaling - as UE RF BW can only receive one active BW at a time higher layer signaling via dedicated RRC signaling is one possibility. The drawback is that RRC signaling is very slow in case of fast changing of the active BW part is needed.
Option 2a: By means of DCI (explicitly and/or implicitly) – Compared to Option1, this option allows to change the active BW part immediately which enables a low latency activation procedure. 
In case of explicit signaling, a DCI indicates the BW part in the scheduling assignment, for example a field in the DCI indicates the index of the BW part from a number of pre-configured BW parts similar to LTE eMTC narrowbands. 
In case of implicit indication, presence of a DCI in a specific BW part can trigger the activation procedure. The issue with the implicit case is that a UE may be required to monitor search spaces also on deactivated BW parts simultaneously which may eliminate the benefit of BWP to reduce UE power consumption or in alternating manner which will require a very frequent retuning.
The main concern of this option is the reliability of the activation in case UE did not decode the DCI format which will lead gNB and UE to become misaligned about the current active bandwidth part. So an additional protection mechanism will be needed to ensure gNB and UE are aligned in erroneous cases such as fallback mechanism or default/anchor active BW part which may require more standardization efforts as well as more implementation efforts at the network.
Option 2b: By means of MAC CE – The same or similar scheme as SCell activation/deactivation in LTE. The activation message is carried in PDSCH where there is HARQ retransmissions for reliable reception. A possible drawback may be that it is not so fast if fast changing of the active BW part is needed. However, as latency in higher layers (e.g. HARQ RTT) has improved significantly compared to LTE and also changing the BW part is not expected to be very frequently, in our view it is reasonable to apply MAC CE for activating the DL/UL bandwidth part. For deactivation, inactivity timer can be used, though it should be decided by RAN2.
Option 3: Time pattern – In this option, the activation and deactivation may be controlled by a preconfigured time pattern. This option can increase the reliability of the transmissions where UE changes the active BW part periodically, but it may not be suitable when UE demands to receive or transmit a high data rate (i.e. to open a bit wider pipe). This option can be coupled with other options if required.
Proposal 1: For activating the DL/UL bandwidth part, MAC CE indicates the index of the BW part from a set of pre-configured BW parts.

Transmission Bandwidth for NR
In NR, it is not yet decided how PRB grid is assigned within a given channel bandwidth, namely its bandwidth transmission and position. We assume that the transmission bandwidth (or PRB grid) is placed in the centre of a given channel bandwidth to minimize ACLR, which would be decided by RAN4. 
In Table 1, it is summarised that the maximum transmission bandwidth in terms of number of PRBs assuming up to 99 % of channel bandwidth can be assigned to transmission bandwidth and corresponding value of Y [%], which is ratio of transmission bandwidth to channel bandwidth.
In Table 2, it is summarised that the case where transmission bandwidth is confined to even number of PRBs. If PRBs are assigned from the centre of the channel bandwidth, the number of PRBs would always take even value only.
Table 1: maximum number of PRBs per channel BW allowing either odd or even number of PRBs
	SCS
	PRB BW
	10 MHz
	20 MHz
	50 MHz
	100 MHz
	400 MHz

	15 kHz
	180 kHz
	55 (99.0%)
	110 (99.0%)
	275 (99.00%)
	*1
	-

	30 kHz
	360 kHz
	27 (97.2%)
	55 (99.0%)
	137 (98.64%)
	275 (99.00%)
	-

	60 kHz
	720 kHz
	13 (93.6%)
	27 (97.2%)
	68 (97.92%)
	137 (98.64%)
	*1

	120 kHz
	1440 kHz
	-
	-
	34 (97.92%)
	68 (97.92%)
	275 (99.00%)

	240 kHz
	2880 kHz
	-
	-
	17 (97.92%)
	34 (97.92%)
	137 (98.64%)

	480 kHz
	5760 kHz
	-
	-
	8 (92.16%)
	17 (97.92%)
	68 (97.92%)


*1: max. 6600 subcarriers required


Table 2: maximum number of PRBs per channel BW where the number of PRBs is confined to even number
	SCS
	PRB BW
	10 MHz
	20 MHz
	50 MHz
	100 MHz
	400 MHz

	15 kHz
	180 kHz
	54 (97.2%)
	110 (99.0%)
	274 (98.64%)
	*2
	-

	30 kHz
	360 kHz
	26 (93.6%)
	54 (97.2%)
	136 (97.92%)
	274 (98.64%)
	-

	60 kHz
	720 kHz
	12 (86.4%)
	26 (93.6%)
	68 (97.92%)
	136 (97.92%)
	*2

	120 kHz
	1440 kHz
	-
	-
	34 (97.92%)
	68 (97.92%)
	274 (98.64%)

	240 kHz
	2880 kHz
	-
	-
	16 (92.16%)
	34 (97.92%)
	136 (97.92%)

	480 kHz
	5760 kHz
	-
	-
	8 (92.16%)
	16 (92.16%)
	68 (97.92%)


*2: max. 6600 subcarriers required
Comparing Table 1 and 2, some entries in Table 2 show lower value than in Table 1 because the number of PRBs is rounded down by one PRB if the number of available PRBs is odd within channel bandwidth up to Y=99%.
Observation 1: Available PRBs within a channel bandwidth is lower by one PRB for some cases in the case transmission bandwidth is confined to even number of PRBs compared to the case where  transmission bandwidth can take either even or odd number of PRBs.
The difference is only one PRB but the difference on spectral efficiency is not negligible for narrower channel bandwidth such as 10 MHz with higher subcarrier spacing. Therefore we would like to propose:

Proposal 2: Transmission bandwidth can be either even or odd number of PRBs in order to utilise the most of the channel bandwidth for better spectral efficiency.


Conclusion
[bookmark: _GoBack]In this contribution, we have provided some details of the remaining issues for the bandwidth parts such as how to achieve the activation and deactivation of the DL and UL bandwidth parts, and the maximum transmission bandwidth in terms of number of PRBs for NR. We have the following observation and proposals:
Proposal 1: For activating the DL/UL bandwidth part, MAC CE indicates the index of the BW part from a set of pre-configured BW parts.
Observation 1: Available PRBs within a channel bandwidth is lower by one PRB for some cases in the case transmission bandwidth is confined to even number of PRBs compared to the case where  transmission bandwidth can take either even or odd number of PRBs.
Proposal 2: Transmission bandwidth can be either even or odd number of PRBs in order to utilise the most of the channel bandwidth for better spectral efficiency.


References
1) TR 36.802, “Study on New Radio (NR) Access Technology; Physical Layer Aspects”, 3GPP. 



3

