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Introduction
In this contribution, we present our view on the potential RF spec impact For RedCap position scheme in Rel-18[1].  
Discussion
[bookmark: _Ref115159812]In WID[1] objective, the RedCap positioning has below objective:
· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].

Though there is no RF scope in the objective, we believe there is a need to discuss RF impact due to the positioning schemed performance which is relating the potential RF performance. 
For RedCap positioning performance, in TR 38.859, some companies report the performance improvement if the phase offset between hops with partial overlap is compensated.  
“Regarding the performance for positioning of Redcap UEs using frequency hopping in commercial scenarios, considering phase offset between hops:
-	In FR1, based on the results provided ([111], [71]), for the UMi positioning requirement for commercial use cases, positioning accuracy improvement is observed by two sources when the phase offset between hops in Frequency hopping is considered, if frequency hopping with partial overlap for the purpose of phase offset compensation is used, and if the phase offset is compensated”
In chapter of 6.5.3 of TR 38.859, the phase tolerance, timing gap and timing errors between hops are identified as the potential spec impact. Below we focus on the RF impact for phase tolerance, timing gap and timing error for UL SRS frequency hopping. 
The Redcap positioning performance can be improved compared with a baseline performance if the SRS is transmitted in overlapped resources using frequency hopping in different 20MHz bandwidth as illustrated in Figure 1 according to findings in TR 38.859. BS can “stitch” these UL SRS transmissions to have a wider SRS sounding bandwidth than 20MHz. This relates to the compensate the phase error caused by RF retuning from one hop to another and to compensate this, the overlap frequency resource transmission is transmitted between adjacent hops and it acts like a calibration signal so any phase error between the hops can be derived and compensated for. 
However, there are several factors contributing the phase errors between two adjacent frequency hops, namely, the PLL retuning phase error, the phase error caused by timing error and the phase error caused by UE Tx gain change. The previous two factors may have been considered but the last one is not discussed in study phase. As the phase error derived by using the overlap resources should apply to other non-overlapped resource so basic assumption is that the phase error caused by these factors should be consistent over the transmitted bandwidth. Such assumption is valid for the phase error caused by PLL retuning as it is the same across transmission bandwidth. For phase error caused by timing error, still be fine as the timing error translates to frequency dependent phase error. For phase error caused by Tx gain change, the assumption may not hold as phase response for a Tx chain is not flat over frequency and thus there will be residue phase error. For example, one company measurement results [3] show there is 5 to 13 degree difference for single PA over 20MHz for a 850 MHz band when power transition from one mode to another.  If 5 degree is compensated over the whole 20MHz, there could be as high as 8-degree residue error and in worst case, such error is accumulating for different hops. Therefore, the phase error caused by Tx gain change will added as phase error which cannot be compensated for. The Tx power change setting between different hop may cause the Tx gain change and such power change may result from the different MPR because of the different RB allocation within the cell channel bandwidth or may result from the different pathloss estimation over different transmission occasions. 
[bookmark: _Ref127544484]Phase error caused by Tx gain change cannot be compensated. 


Figure 1: UL SRS frequency hopping with partial overlap
Therefore, we see a benefit for the RedCap frequency hopping if Tx chain gain setting is fixed during the # of hops.  In RAN4 specification, the Teval time could be across the hops for frequency hopping as specified below, but there is another factor which is physical channel length. It is not clear whether the frequency hopping could apply to Redcap when Redcap frequency hopping will be specified. 
Table 6.2.4-1: Evaluation and reference periods for Pcmax
	TREF
	Teval
	Teval with frequency hopping

	Physical channel length
	Physical channel length
	Min(Tno_hopping, Physical Channel Length)



[bookmark: _Ref127544493]There is a benefit for RedCap positioning performance if Tx chain gain is fixed during the hops.
[bookmark: _Ref127544501]RAN4 needs to wait RAN1 progress to define the RedCap frequency hopping.
Another aspect is that the timing gap between different hops, this may depend on whether the hop only relates to RF retuning without transition time involving baseband, e.g the baseband related parameters are pre-configured before hopping. With the timing gap defined, RAN4 can also discuss whether a new timing mask for Redcap FH needs to be defined. 
[bookmark: _Ref127544516]Timing mask for RedCap FH could be another potential RF impact.


Conclusions
In this contribution, we present our view on the Redap position RF potential impact with below observations:
Observation 1 Phase error caused by Tx gain change cannot be compensated.
Observation 2 There is a benefit for RedCap positioning performance if Tx chain gain is fixed during the hops.
Observation 3RAN4 needs to wait RAN1 progress to define the RedCap frequency hopping.
Observation 4 Timing mask for RedCap FH could be another potential RF impact.
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