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1	Introduction 
NR-U WI [1] aims at specifying how the NR technology can be used on the unlicensed spectrum thus offering operators more resources in frequency bands, such as 5GHz and 6GHz. Unlike licensed bands, co-existence with other technologies and systems must be ensured in unlicensed spectrum, for which a common procedure known as listen-before-talk (LBT) is performed individually for every LBT sub-band of 20MHz whenever a transmission takes place. To optimise NR-U performance over larger channel bandwidths, a new feature called wide-band operation was devised, which enables larger channel bandwidths (e.g. 40..80MHz) and at the same time allows for performing the LBT procedure in 20MHz sub-bands. 
During the previous RAN WG4 meetings, some of the open questions for both wide-band operation were discussed which concern both wide-band capabilities and intra-carrier guard bands. Thus, in this discussion paper we try to address those open issues. 

2	Wide-band capabilities  
As mentioned in the Introduction part, wide-band operation allows for configuring a large channel bandwidth that spans over several 20MHz LBT sub-bands. The premise idea is that if the LBT procedure fails in one of the sub-bands, the data still can be scheduled in other sub-bands. Furthermore, if LBT procedure passes for several contiguous sub-bands, then data can be also scheduled in intra-carrier guard bands. Figure 1 below presents different outcomes of the LBT procedure for the 60MHz channel. As can be seen from the picture, if all or contiguous sub-bands pass LBT procedures, then data can be scheduled over the corresponding sub-bands including intra-carrier guard band between them resulting in better spectrum utilisation.

With regards to exemplary outcomes of the LBT procedure illustrated in Figure 1 for 60MHz channel, there can be different wide-band transmission modes as agreed by RAN WG1: 
-	Mode 1: This mode of operation allows for data transmission only when LBT is successful in all the LBT sub-bands (as shown in the first sub-figure on Figure 1). 
-	Mode 2: This mode of operation allows for data transmission in a sub-set of LBT sub-bands which is contiguous comprising one or more LBT sub-bands. This mode is further differentiated between 2A when there is only a single scheduled LBT sub-band as shown on the second and the third sub-figure on Figure 1 or 2B when there are several contiguous sub-bands.
-	Mode 3: This mode of operation allows for data transmission in a sub-set of LBT sub-bands which is non-contiguous (as shown on the last sub-figure on Figure 1). It should be also noted that it is applicable only to the DL direction.
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Figure 1: Exemplary outcome of LBT for wide-band operation over 60MHz channel. 
In the LS from RAN WG1 [2], there are several questions with regards to whether there is any difference between transmission modes from the viewpoint of the UE capabilities. In general, wide-band operation requires additional functionality and it should not be assumed that all the transmission modes can be supported with the same level of complexity. 
Wide-band transmission mode 1 is close, if not identical, to data transmission on the licensed band because it takes place only if LBT passes on all the sub-bands. In that sense we can potentially construe wide-band transmission mode 1 as the baseline NR-U functionality. Nevertheless, it is worth clarifying the underlying assumption for "all-or-nothing" approach for DL and UL directions in a situation when the actual data is scheduled only for a subset of the configured channel sub-bands. In DL, our view is that it makes sense to assume that wide-band mode 1 transmission takes place only when all sub-bands pass LBT irrespective of which sub-bands are scheduled. The premise idea behind this assumption is that a UE anticipates that DL transmission comes only from the serving cell. In other words, a UE is not expected to handle a situation when one of the sub-bands is "tainted" with data transmission comes from a different cell, NR operator, or even a different system. As for the UL direction, it is not entirely clear whether transmission mode 1 assumes that a UE has to perform LBT for all the sub-bands irrespective of where it is scheduled or only for those sub-bands where UL transmission is going to take place.
[bookmark: _Toc47700178][bookmark: _Toc47700209][bookmark: _Toc47700275][bookmark: _Toc47700982]Proposal 1a:	Clarify that DL wide-band transmission mode 1 assumes that LBT is successful in all LBT sub-bands irrespective of which sub-bands are scheduled with data.  
[bookmark: _Toc47700179][bookmark: _Toc47700210][bookmark: _Toc47700276][bookmark: _Toc47700983]Proposal 1b:	Clarify whether UL wide-band transmission mode 1 assumes that LBT is successful in all LBT sub-bands irrespective of which sub-bands are scheduled with data or only in those LBT sub-bands where UL data is scheduled.

As for transmission modes 2 and 3, they will require additional implementation and testing when compared to mode 1. Furthermore, wide-band transmission mode 3 might even require more implementation efforts at the UE side as the latter will need to handle a scenario when there can be an interfering transmission in the middle of the configured channel bandwidth. In fact, referring to another question from RAN WG1 on AGC, it is important to note that interfering transmission can be of any nature and coming from a different system with a high power resulting in more challenges at the UE side. 
One of the questions from RAN WG1 was whether there is any difference from the UE capability perspective between transmission modes 2A and 2B. And even though the difference is indeed quite marginal, our understanding is that transmission mode 2A will be effectively always limited only to one sub-band in UL, which in turn requires the UE to support only 1 LBT process. From that perspective having this differentiation will enable NR-U for low- and mid-range mobile phones at the same time allowing the network to configure a large channel and performing some form of load balancing between different sub-bands.
[bookmark: _Toc40355894][bookmark: _Toc40444410][bookmark: _Toc47372346][bookmark: _Toc47382311][bookmark: _Toc47522839][bookmark: _Toc47700180][bookmark: _Toc47700211][bookmark: _Toc47700277][bookmark: _Toc47700984]Proposal 2a:	Wide-band transmission modes should have separate UE capabilities.
[bookmark: _Toc47700181][bookmark: _Toc47700212][bookmark: _Toc47700278][bookmark: _Toc47700985]Proposal 2b:	It can be discussed further whether we need to have strict differentiation between all three modes / sub-modes or whether transmission mode 1 can be construed as the baseline NR-U functionality. 

Finally, wide-band transmission modes should be ideally separated between DL and UL. The rationale is that while a UE may support transmission modes 2 or 3 in DL, the implementation complexity associated with UL transmission still may restrict it to wide-band transmission mode 1.
[bookmark: _Toc47372347][bookmark: _Toc47382312][bookmark: _Toc47522840][bookmark: _Toc47700182][bookmark: _Toc47700213][bookmark: _Toc47700279][bookmark: _Toc47700986]Proposal 3:	Wide-band transmission modes should be differentiated between DL and UL.

It is also worth noting that if a UE does not support a particular transmission mode then it can be always compensated or even optimised by the corresponding combination of carrier-aggregation and wide-band operation. As an example, if the base station has 80MHz channel but a UE supports only wide-band transmission mode 2, then it is still possible to configure 80MHz channel with the understanding that non-contiguous LBT outcomes – 1001, 1010, 0101 – will not be supported by the UE. As an alternative, the network can consider configuring 40+40MHz carrier aggregation instead of a single carrier spanning whole 80MHz because transmission mode 3 brings benefits for channels larger than 40MHz. In other words, each 40MHz carrier will work as an independent entity leveraging wide-band transmission mode 2 and will not depend on the LBT outcome on another carrier.  

3	Intra-carrier guard band for 60kHz SCS
To enable wide-band operation RAN WG4 has devised so-called intra-carrier guard bands which on the one hand can be scheduled with data when LBT passes for contiguous sub-bands, and at the same time will work as guard bands when LBT fails. RAN WG4 agreed the in-carrier guard-band sizes for different channel bandwidths and subcarrier sizes as presented in Table 3-1 below. To achieve the best spectrum utilization the number of RBs for wideband operation is the same as for the corresponding channel bandwidth size. As an example, for 40MHz channel at 15kHz SCS, the wideband RB allocation is 105-6-105, and the total number of RBs 216, i.e. the same as for the normal 40MHz channel. 

Table 3-1: Agreed in-carrier guard band sizes.
	SCS
	20MHz Channels
	40MHz Channels
	60MHz Channels
	80MHz Channels

	15KHz
	106
	105-6-105
	Max. 216
	N/A
	N/A

	30KHz
	51
	50-6-50
	Max. 106
	50-6-50-6-50
	Max. 162
	50-6-50-5-50-6-50
	Max. 217

	Alt. 1 60KHz
	24
	[23-5-23]
	Max. 51
	[23-5-23-5-23]
	Max. 79
	[23-5-23-5-23-5-23]
	Max. 107

	Alt. 2 60KHz
	[25]
	[24-3-24]
	Max. 51
	[24-3-25-3-24]
	Max. 79
	[24-4-24-3-24-4-24]
	Max. 107



Referring specifically to 60kHz SCS, there are two alternatives for intra-carrier guard bands and number of usable of RBs. Alternative 1 is based on legacy 24 RBs for 20MHz channel and uses 5 RBs for in-carrier guard band. Alternative 2, in turn, exploits the fact that RAN WG4 wants to increase spectral utilization for 60kHz SCS and considers 25 RBs for 20MHz channel. As the outcome, only 3 RBs are reserved for in-carrier guard band.
During the previous meetings, the following options were identified on how to proceed:
a)	adopt only alternative 1;
b)	adopt alternative 1 as a baseline, and alternative 2 is an optional feature when a UE supports 25 RB for 60kHz SCS;
c)	adopt only alternative 2;
Referring to the aforementioned options, it is worth noting that option c) cannot be accepted for the simple reason that RAN WG4 has not decided that 25 RB for the 20MHz channel at 60kHz SCS is the only available solution. In fact, it would be more than logical to assume that if a UE supports 60kHz SCS, then it would be supported for a number of different bands, not only for band n46. And thus, a UE will anyway have to support 24 RB for 60kHz SCS, implementation of which can be reused later also for band n46. From that perspective RAN WG4 can consider further either option a) or b), whereupon in case of option b) alternative 2 would be feasible only if a UE supports 25 RBs.
[bookmark: _GoBack]Furthermore, while comparing alternative 1 and 2, it is clear that they are identical from the viewpoint of usable RBs for NR-U wideband operation: both alternatives have 51, 79, and 107 RBs for 40, 60, and 80MHz channels, respectively. In other words, if there are adjacent sub-bands in which the LBT procedure succeed, then both alternatives will yield same spectral utilisation. The only difference between the alternatives is only when only one LBT sub-band succeeds, for which alternative 2 has 1 RB more; and it would make a noticeable difference only with a large channel requiring a UE to support transmission mode 3. However, if NR-U is activated in a heavily loaded environment where the LBT procedure does not usually succeed for adjacent sub-bands, then the whole NR-U wideband operation would have lower spectral utilisation comparing to standalone 20MHz carriers. In other words, it is not even clear whether alternative 2 have any noticeable benefits, but it will require additional implementation and testing efforts.   
[bookmark: _Toc37012403][bookmark: _Toc37100065][bookmark: _Toc37101494][bookmark: _Toc47700987]Proposal 4:	For 60kHz SCS, adopt alternative 1 for intra-carrier guard bands (i.e. 5 RBs for in-carrier guard band with 23-5-23 pattern). 


4	Conclusions
In this discussion paper we have presented our further considerations for NR-U raising some of the open issues for possible scenarios with wide-band operation and carrier aggregation. As a summary of our paper we propose:
Proposal 1a:	Clarify that DL wide-band transmission mode 1 assumes that LBT is successful in all LBT sub-bands irrespective of which sub-bands are scheduled with data.
Proposal 1b:	Clarify whether UL wide-band transmission mode 1 assumes that LBT is successful in all LBT sub-bands irrespective of which sub-bands are scheduled with data or only in those LBT sub-bands where UL data is scheduled.
Proposal 2a:	Wide-band transmission modes should have separate UE capabilities.
Proposal 2b:	It can be discussed further whether we need to have strict differentiation between all three modes / sub-modes or whether transmission mode 1 can be construed as the baseline NR-U functionality.
Proposal 3:	Wide-band transmission modes should be differentiated between DL and UL.
Proposal 4:	For 60kHz SCS, adopt alternative 1 for intra-carrier guard bands (i.e. 5 RBs for in-carrier guard band with 23-5-23 pattern).
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