3GPP TSG-RAN WG4 Meeting RAN4 NR AH#3                                                    R4-1709385
Nagoya, Japan, 18 - 21 September, 2017 

Source: 	ZTE Corporation
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Title:	Further consideration on spectrum utilization in wideband operation
Agenda Item:	3.2.1.2	
Document for:	Approval
Introduction
In RAN4 #84, a way forward was approved on the spectrum utilization in the wideband operation and from BS point of view, spectrum utilization in the wideband operation is agreed to be defined as the same as that of the wideband CC regardless of how UE supports the wideband[1]. And the remaining issue is which of the two options from UE prospective should be decided:
· From UE point of view, there may be two options for further study to define spectrum utilization for  aggregated wideband operation
· Option 1: based on per single component carrier
· Option 2: based on the total carrier BW
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]In this contribution, we further discuss and analyze the potential issues with two options, and based on the comparison we propose option 1 for defining the spectrum utilization in wideband operation from UE point of view. In addition, we also propose to send an LS to RAN1 for further clarification on the concept of wideband operation.
Discussion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Overview
Similar as it was in LTE, different UEs transmission architectures may be assumed [2] either with one or multiple RF chains for CA operations in NR, which means that the definition of spectrum utilization in the wideband operation should be applicable for different UE architectures.
According to the agreements on channel raster up to now, two different channel raster may be defined as either 100 kHz or sub-carrier based for range 1[4], and it is natural that the wideband operation should also be possible for both of them. 
One fundamental point is that both wideband CC and the set of intra-band contiguous CCs should have the same sub-carrier grid and PRB aligned, and in NR, the centre of each CC including wideband CC should be on the sub-carrier grid as well. And the agreed way forward on spectrum utilization [8] may provide a basis to compare the abovementioned two options.
Option 1
For the sake of simplicity, we take one example for option 1. If channel raster, SCS and channel bandwidth are 100 kHz, 15 kHz and 50 MHz respectively, then the following table shows different sets of intra-band contiguous CCs and their corresponding PRBs in total according to [8]:
Table -1 Total number of PRBs for different sets
	Set (in MHz)
	Total number PRBs

	50
	270

	{25, 25}
	133 + 133 = 266

	{10, 40}
	52+216 = 268

	{10,15,25}
	52+79+133=264

	{10, 20,20}
	52+106+106=264

	{15, 15, 20}
	79+79+106=264


This implies a lower transmission bandwidth configuration in the whole wideband from UE point of view.
Observation 1: The total number of PRBs of the set of intra-band contiguous CCs is lower than that of wideband CC if assuming the same spectrum utilization of each CC as the corresponding single carrier.
On the other hand, since there is only one PRB grid in the whole wideband, no matter which set of intra-band contiguous CCs is applied in the wideband operation, a spectrum utilization of each CC higher than that as a single carrier with the same bandwidth is possible if PHY can support and the minimum guard band principle can be relaxed in the wideband operation.
Observation 2: A higher spectrum utilization of each CC than that as a single carrier with the same bandwidth could be introduced if PHY can support and the minimum guard band principle can be relaxed in the wideband operation in option 1.
Option 2

Fig. 1, Relative position between the centers of CCs and PRB grid, CBW 50MHz, SCS 30kHz
In option 2, if we take similar example for a wideband CC with 50MHz bandwidth and 30kHz SCS, and the set {25Mhz, 25MHz} in the wideband operation, as shown in Fig. 1, then we could notice two potential issues if the number of PRBs in the wideband CC is odd (133 in this example):
(1) The minimum guard band principle should be relaxed in order to support option 2.
Observation 3: The minimum guard band principle should be relaxed in order to support option 2.
(2) There is at least 1“unused PRB” in the whole RB grid which cannot be scheduled to CA UEs, but only to narrow-band UEs which is not in the wideband operation. 
Based on the above observations, we propose option 1 to define spectrum utilization in the wideband operation from UE’s prospective.
Proposal 1: RAN4 consider option 1 to define spectrum utilization in the wideband operation from UE’s prospective.
Clarifications needed from RAN1
In observation 2, it might play no impact on PHY, but this should be confirmed by RAN1. In addition, two implicit assumptions are also taken in the above discussions:
(1) Single set of intra-band contiguous CCs 
(2) Single numerology
But from RAN1 agreements [3] or the LS from RAN1 to RAN4 [5], neither is clear whether or not multiple sets of intra-band contiguous CCs is supported at the same time, nor whether or not mixed numerologies is allowed in the supported set of intra-band contiguous CCs in the wideband operation, especially when UE is not mandated to support multiple numerologies at the same time [7].
Reference [6] describes the issue whether or not multiple sets of intra-band contiguous CCs should be supported at the same time. This may happen since UEs with different capabilities may exist in the same BS. In case multiple sets are supported at the same time, some CA UEs may understand the whole bandwidth as set #1, while other CA UEs may understand as set #2. This might impose different impact on the final physical layer design. Therefore we propose to send an LS to RAN1 for the further clarification.
Proposal 2: Send an LS to RAN1 on the further clarification on the support of a higher spectrum utilization of each CC,  simultaneous multiple sets of intra-band contiguous CCs and mixed numerologies in the wideband operation.
Conclusion
Based on the above discussions, we have the following observations and proposals on defining spectrum utilization in the wideband operation in NR:
[bookmark: _GoBack]Observation 1: The total number of PRBs of the set of intra-band contiguous CCs is lower than that of wideband CC if assuming the same spectrum utilization of each CC as the corresponding single carrier.
Observation 2: A higher spectrum utilization of each CC than that as a single carrier with the same bandwidth could be introduced if PHY can support and the minimum guard band principle can be relaxed in the wideband operation in option 1.
Observation 3: The minimum guard band principle should be relaxed in order to support option 2.
Proposal 1: RAN4 consider option 1 to define spectrum utilization in the wideband operation from UE’s prospective.
Proposal 2: Send an LS to RAN1 on the further clarification on the support of a higher spectrum utilization of each CC,  simultaneous multiple sets of intra-band contiguous CCs and mixed numerologies in the wideband operation.
References
R4-1708851, “Way forward on the spectrum utilization in the wideband operation”, ZTE
3GPP TR36.815, “LTE-Advanced feasibility studies in RAN WG4”, v9.1.0
Final minutes of RAN1 #88bis v1.0
R4-1708850, “WF on Channel Raster for NR”, Qualcomm etc.
R1-1706615, “LS on Wideband Operating Options”
R4-1707128, “Spectrum utilization in wideband operation”, ZTE
R4-1709076, “WF on NR Mixed Numerologies FDM Requirements”, Intel
R4-1709075, “Way forward on spectrum utilization”, Samsung etc.
