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1	Introduction 
LTE-based 5G terrestrial broadcast is the feature that enables the deployment of a downlink-only dedicated broadcast network using the 3GPP technologies. The work on this feature was split into two parts, where part1 focused on the core functionality introducing the corresponding changes into the RAN WG1, WG2 and WG3 specifications. In turn, part2 [1] focuses on the spectrum issues, such as bands and associated RF requirements.  
During the previous RAN WG4 meetings companies discussed which ACS values should be specified for the PMCH channel in presence of the blocker that may fall into the UE 10MHz filter. While some companies claimed that severe ACS degradation could be observed [3], other companies were assuming that the ACS degradation could be relatively marginal. Since no conclusion was reached that time, the latest version of TS 36.101 still has PMCH ACS values in [..], which obviously requires further corrections. To facilitate the discussion on which ACS values we can realistically assume for the 6, 7 and 8MHz PMCH channel in presence of the blocker falling into the UE 10MHz filter, we conducted a set of measurements with existing commercial devices presenting how much ACS can potentially degrade in this case. 

2	ACS for the 5G broadcast PMCH channel
2.1	Background
Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive a signal at its assigned channel frequency in the presence of an adjacent channel "blocking" signal at a given frequency offset from the centre frequency of the assigned channel. While in LTE that wanted signal takes a set of discrete values, for each of which the corresponding dedicated channel filters are assumed, the 5G broadcast WI assumes that the same 10MHz filter will be always used at the UE side (see Appendix A for the complete list of WI objectives).  In other words, irrespective of the fact whether the 5G broadcast PMCH channel is 6, 7 or 8MHz, it is assumed that a UE will always use the 10MHz filter. Because of that several companies raised a question on how the ACS requirements should be specified, whereupon two major options were considered:
1)	The blocking signal is at the edge of the 10MHz "channel" as perceived by the UE filter configuration.
2)	The blocking signal is at the edge of the corresponding 6, 7 or 8MHz PMCH channel.

It was decided to proceed with option 2), i.e. the blocker is at the edge of the PMCH channel, for which several companies immediately raised concerns on the potential ACS degradation because the blocking signal will fall into the UE 10MHz filter region. As further outlined in several papers, the potential ACS for the 6MHz PMCH channel can degrade to 16dB [3], but companies were not able to reach the agreement on the final values in absence of actual measurement data.


2.2	ACS measurements 
To estimate potential ACS of the PMCH channel in presence of the blocker falling into the 10MHz UE filter, we conduct a series of measurements with the following parameters:
-	Frequency:				Band b71
-	UE channel:				10MHz (at 622MHz)
-	Wanted signal:			6, 7 and 8MHz PDSCH transmission occupying the same number of RBs as PMCH
-	Wanted signal location: 	Centre of the 10MHz channel / edge of the 10MHz channel 
-	Blocker: 					Standard LTE 5MHz blocker 
-	Blocker location:			Right next to the wanted signal 

The ACS level is determined by executing the following steps:
-	Measure REFSENS with blocking signal disabled to achieve 5% BLER
-	Set wanted signal level to REFSENS + 14dB
-	Enable LTE blocker
-	Adjust LTE blocker level so that BLER is 5% 
-	ACS is determined as "LTE blocker Level - (REFSENS + 14)" [dB]

Table 2.2-1 below presents the summary our measurements conducted with the commercially available devices with standard LTE 10MHz filter, i.e. without any dedicated filters. As anticipated, the 6MHz channel provides the worst results, especially if the wanted signal is not centred on the 10MHz filter range. ACS can be as low as 15dB for the channel placed at the edge of the 10MHz filter, but it improves if the wanted signal is in the center. Nevertheless, even with the centred channel the ACS is around 20dB, which is noticeably lower than 29dB as proposed by some companies.
Table 2.2-1: Measurement results for ACS
	Wanted channel (MHz)
	Edge channel
	Center channel

	6MHz
	15dB
	20.5dB

	7MHz
	18dB
	22.5dB

	8MHz
	22.5dB
	24.5dB



It is important to note that ACS depends a lot on how the wanted signal and the blocker signal are placed within the UE RF filter. Using the 6MHz channel as an example, if the wanted signal is right in the center of the RF filter, then the blocking signal, being either on the left- or right-hand side from the wanted signal, takes only 2MHz of the RF filter bandwidth. On the contrary to it, once the wanted signal is placed at the edge of the UE RF filter, the blocker signal will take 4MHz, which impacts dramatically final ACS. From that perspective one could assume that configuring the wanted signal at the center of the UE RF filter will always result in the better ACS performance. However, even with that configuration there could be active blockers at both edges of the wanted channel, i.e. the total impact from two blockers at the opposite edges would be identical to the case when the wanted signal is at the edge of the RF filter and the blocker takes 4MHz. Thus, it should be clarified further by RAN WG4 and WG5 which testing assumptions we make and how the test is conducted.    
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2.3	REFSENS
Another related open issue for the 5G broadcast is REFSENS values, which are also in [..] in the latest version of the TS 36.101. While some companies suggested having quite low REFSENS values, e.g. -99.2dBm, further scaled with the size of the PMCH channel, we would like to note that this methodology generally assumes presence of the dedicated channel filters. For every band and the channel bandwidth specified in TS 36.101 we have the corresponding REFSENS values, for which current requirements assume presence of the dedicated filters. If the UE filter is always set to 10MHz, then it is not so obvious whether for instance 6, 7 or 8MHz PMCH REFSENS can be derived in the same way used for existing channels with the dedicated filters. 
Some companies suggested REFSENS of -99.2dBm for the 6MHz PMCH channel. At the same time, the closest band 71 REFSENS values are -97.2dBm and -94.2dBm for the 5 and 10MHz channels, respectively. And for the NR band n105, which overlaps with one of the SDO bands, the corresponding REFSENS values are -97.28dBm and -94dBm for the 5MHz and 10MHz channels, respectively. From that perspective it is somewhat counter-intuitive to have REFSENS of the 6MHz PMCH channel operating with the 10MHz filter being better than 5MHz channel with the dedicated filter. 
One of the arguments to have better REFSENS values for the SDO band is that it is the DL only band and there is no UL transmission that may cause the REFSENS degradation. While these considerations could be correct for the dedicated CPE like devices, they are not fully correct for the handheld devices supporting e.g. SDO band 107, which is aligned with band n105 DL. While there is no UL transmission on band n105, there still could be UL transmission on the neighbour band n28. Furthermore, a handheld device implementing both SDO band 107 and the NR band n105 will share the same HW components, which means that there will be duplexer insertion loss causing REFSENS degradation irrespective of the fact whether there is UL transmission or not.  
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3	Conclusions
In this discussion paper we have presented our further considerations on the ACS and REFSENS values for the 5G broadcast WI. As follows from our measurements conducted with commercially available devices, if the blocker falls into the UE 10MHz filter range, then ACS degradation can be observed ranging from 14 to 20dB depending on whether the wanted signal is at the edge of the channel or at the centre of the channel.  As for REFSENS, since the UE filter is always open for 10MHz, then we can consider -94dBm taken from the 10MHz channel of the closest band n105.
The corresponding changes can be found in the following CR for TS 36.101 [4].
  
Proposal 1:	Set ACS values for 6, 7 and 8MHz PMCH channel in accordance with the baseline WI objectives of not using dedicated filters at the UE side.
Proposal 2:	Set REFSENS values for 6, 7 and 8MHz PMCH channel in accordance with the baseline WI objectives of not using dedicated filters at the UE side.
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Appendix A: 5G broadcast WI objectives
Based on a part 1 REL-17 RAN1/2/3 WI (LTE_terr_bcast_bands_part1) this part 2 REL-18 RAN4 WI will specify bands and requirements in a REL-independent way starting from REL-17:

· For MBMS-dedicated cells:

· Specify band(s), within the portion of UHF spectrum allocated to broadcast systems (~470 - ~694/698 MHz, depending on the region), that support the channelization available to broadcasting operators [RAN4].
· RAN4 to define the exact band plan suitable for broadcasting operators’ spectrum allocation
· RAN4 to define REFSENS for this band(s)

· For BS the requirements for signal quality, occupied bandwidth, ACLR, unwanted emissions shall be applied as provided by the corresponding regulatory bodies in the different regions for 6/7/8 MHz, as applicable. The specifications shall contain corresponding references [RAN4].

· Specify UE requirements for 6/7/8 MHz, including the following [RAN4]:

· Define RX requirements (e.g. maximum input level, blocking, spurious response, wideband intermodulation, ACS) to accommodate 6/7/8 MHz PMCH.
· Reuse existing requirements for 10 MHz as much as possible.

NOTE: New (dedicated) channel filters (e.g. 6/7/8 MHz filters) are not considered for the UE.

NOTE 1:	This work item shall not affect any functionality of unicast LTE, it targets only MBMS-			dedicated cells.
NOTE 2: 	RAN4 shall assume that coexistence among different systems in the portion of the UHF band 		allocated to broadcast (~470 - ~694/698 MHz) is ensured through coordination, in line with 	regional and national regulation.

Apple Inc.
Apple Inc.
