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Introduction
Possibilities to use some kind framework to derive MSD for 1TX/2TX PC2 cases from respective PC3 MSD is discussed in this contribution. 
1. Background
Recent introduction of PC2 FDD has been a laborious task in RAN4. Now, and even more in near future the amount of work needed will increase exponentially as it is envisioned most of current PC3 FDD bands combinations will eventually be introduced for PC2 FDD as well.

2. Discussion
Over the past ten years or so, Carrier Aggregation has been one of key themes in RAN4 RF. In the beginning everything was sort of new for companies and consequently each combination had its own WI during first years in LTE CA (!). Since that, things have evolved drastically and CA has become so common that in many cases the requirements including MSD exceptions are just copied from already existing similar combinations. While this is in many ways inevitable as no-one has the time to conduct rigorous analysis for each combination including careful assessment of possible filter attenuations etc for the analysis, some kind of consistency should still be maintained - or regained.
FDD PC2 is a bit tricky in the sense that it introduces two architecture options, 1TX PC2 and 2TX PC2.
It is quite straightforward to derive 1TX PC2 MSD for cases where respective PC3 MSD is specified, as the only thing increasing is the aggressor power. 3dB is pretty good estimate, even that does not always fully hold. The amount of TX noise which consists of PA noise and transceiver noise increases, but the exact amount varies a bit. IP2 interference increases two-fold, so 3dB increase to TX power increases receiver IP2 by 6dB. Putting these two aspects together totals everything from ~3dB to a bit above 3dB.
For 2TX case, the situation is much more challenging. Both RX branches see aggressor same aggressor power which consists of the aggressor power of own TX, and the aggressor power coupled from other antenna via antenna isolation. It is, anyhow, possible to derive a consistent method on how to combine the aggressor powers and how to calculate the MSD. Overall, maybe the most challenging topic to agree is what kind of overall difference between PRX and DRX path interference to assume in the analysis. For PC3, the difference has been anything between 0….10dB in the analysis seen from tens of companies in past ten years. The assumed difference has direct impact to the MSD difference between 1TX PC2 and 2TX PC3.
We show some extremely simplified example calculations using 0, 5, 10dB PRX/DRX difference. These are shown just for illustrative purposes. Band which has -97dBm REFSENS with 3dB MSD for PC3 is used as baseline. Please note that in case of 2TX PC2, the interference level used is a simplification mimicking the reality when both receivers see same signal i.e. there is no diversity gain. This is not necessarily the proposed way to make calculations or proposed way how to construct combined interferer for PRX and DRX branches.
  [image: ]
Simple illustration above shows the large dependency into 2TX PC2 MSD due the difference between PRX/DRX interference. We note that even it would be easier to use 0dB difference in interference, and that at first sight it looks lucrative from MSD delta point of view, that is not so obvious as PC3 MSD to begin with is higher with 0dB difference than with 5dB difference. Basically to use 0dB PRX/DRX difference would mean all existing PC3 MSD’s would need to be increased.
We note that this observation on 0dB PRX/DRX difference does not generally hold; for instance, in case where there are two MSD test points for different Dl BW’s, the MSD ratio between those two is almost same no matter is equal interference or imbalanced interference is used.
One topic which requires specific consideration and is valid for both 1TX PC2 and 2TX PC2 is how to evaluate combinations which do not have MSD specified. There are many combinations which are on the verge on if small PC3 should be specified or not. For those cases, some MSD for 1TX PC2 and especially for 2TX PC2 is needed. How to find those cases and how to evaluate the need for MSD is to be discussed.
Some observations for further thinking in the group:
· When PC2 1TX PC2 MSD is calculated, the resulting MSD should be aligned with respective PC3 MSD, i.e. using the same architecture, but with PC3 power the MSD should match PC3 MSD reasonably well.
· The main difference in 1TX PC3 vs 2TX PC2 is that in PC2 case both branches see same interference 
· RAN4 should discuss if a generic way to derive the PC2 requirements could be agreed, as it would dramatically ease the work
· 1TX PC2 seems initially quite straightforward, with difference to PC3 being [3]dB increased interference
· 2TX PC2 case requires more work and internal evaluations from companies. Based on the considerations above, there should be possibilities to find consensus
· RAN4 should discuss how to identify cases which don’t have MSD specified for PC3, but which could need MSD for 1TX PC2 or 2TX PC2

3. Conclusion
Possibilities to use some kind framework MSD for 1TX/2TX PC2 cases from respective PC3 MSD is discussed in this contribution, with the following observations:
· When PC2 1TX PC2 MSD is calculated, the resulting MSD should be aligned with respective PC3 MSD, i.e. using the same architecture, but with PC3 power the MSD should match PC3 MSD reasonably well.
· The main difference in 1TX PC3 vs 2TX PC2 is that in PC2 case both branches see same interference 
· RAN4 should discuss if a generic way to derive the PC2 requirements could be agreed, as it would dramatically easy the work
· 1TX PC2 seems initially quite straightforward, with difference to PC3 being [3]dB increased interference
· 2TX PC2 case requires more work and internal evaluations from companies. Based on the considerations above, there should be possibilities to find consensus
· RAN4 should discuss how to identify cases which don’t have MSD specified for PC3, but which could need MSD for 1TX PC2 or 2TX PC2

4. Reference

image1.emf
Case 5 MSD 0 MSD 10 MSD

-93.5 -93.5 -93.5

-98.5 -93.5 -103.5

-90.5 -90.5 -90.5

-95.5 -90.5 -100.5

-90.5 -90.5 -90.5

-90.5 -90.5 -90.5

1.6 2.2 1.2

3.6 2.2 4.5

2 0 3.3

Case 5 MSD 0 MSD 10 MSD

-83.3 -83.3 -83.3

-88.3 -83.3 -93.3

-80.3 -80.3 -80.3

-85.3 -80.3 -90.3

-80.3 -80.3 -80.3

-80.3 -80.3 -80.3

2.6 2.9 2

5.8 2.9 9

3.2 0 7

Delta PC3 -PC2 2TX

Delta PC3 -PC2 1TX

Delta PC2 1TX -PC2 2TX

Delta PC3 -PC2 1TX

Delta PC2 1TX -PC2 2TX

-97dBm REFSENS with 3dB MSD for PC3 as baseline

-97dBm REFSENS with 10dB MSD for PC3 as baseline

PC2 2TX

PRX Interference

15.8 15.8 15.8 DRX Interference

10 12.9 6.8 DRX Interference

PC2 1TX

PRX Interference

12.6 15.8 8.8 DRX Interference

PRX Interference

DRX Interference

Difference

Difference

2.1

3.3

6.6

Delta PC3 -PC2 2TX

PC3

PRX Interference

4.4

6.6

6.6

PC3

PC2 1TX

PC2 2TX

3

4.6

6.6

PRX Interference

DRX Interference

PRX Interference

DRX Interference



3GPP TSG


-


RAN WG4#110


bis


 


R4


-


24


05451


 


Changsha


, 


China


, 


April


 


15


th


 


–


 


1


9


th


, 2024


 


 


 


Agenda item:


 


5


.1


.1.


2


 


Source: 


 


Qualcomm France


 


Title:


 


 


Discussion on MSD for 1TX/2TX PC2


 


Document for:


 


Discussion


 


Introduction


 


Possibilities to use some kind 


framework


 


to derive 


MSD for 1TX/2TX PC2


 


cases from respective PC3 MSD


 


is 


discussed in this contribution


.


 


 


1.


 


Background


 


Recent introduction of PC2 FDD


 


has been a 


laborious


 


task in RAN4. Now, and even more in near future the amount 


of work needed will increase exponentially 


as 


it is 


envisioned most of current PC3 FDD bands combinations will 


eventually be introduced for PC2 FDD as well.


 


 


2.


 


Discussion


 


Over the past ten 


years or so, Carrier Aggregation has been one of key themes in RAN4 RF. In the beginning 


everything was sort of new for companies and consequently each combination had its own WI


 


during first years in 


LTE CA


 


(!)


. Since that,


 


things have 


evolved 


drastically 


and CA has become


 


so common that in many cases the 


requirements including MSD exceptions are just copied from already existing similar combinations.


 


While this is in 


many ways inevitable as no


-


one has the time to conduct rigorous analysis for each combina


tion including 


careful 


assessment of possible filter attenuations etc for the analysis, 


some kind of consistency should still be maintained 


-


 


or regained.


 


FDD PC2 is a bit tricky in the sense that it introduces two 


architecture options, 1TX PC2 and 2TX PC2.


 


It is 


quite


 


straightforward 


to derive 1TX PC2 MSD f


or 


cases where respective 


PC3 MSD 


is 


specified


, as the only 


thing increasing is the aggressor power. 3dB is pretty good estimate, 


even 


that does not always fully hold.


 


The 


amount of 


TX noise which consists of PA noise and transceiver noise increases, but the exact amount varies a bit. 


IP2 interference increases two


-


fold, so 3dB increase to TX power increases receiver IP2 by 6dB. Putting these two 


aspects together


 


totals everything from 


~3dB to a bit above 3


dB.


 


For 2TX case, the situation is much more challenging. 


Both RX branches see aggressor


 


same aggressor power which 


consists of the aggressor power of own TX, and the aggressor power coupled from other antenna via


 


antenna 


isolation. It is, anyhow, possible to derive a consistent method on how to combine 


the aggressor powers 


and how to 


calculate the MSD.


 


Overall, maybe t


he


 


most challenging topic to agree is what kind of overall difference betw


een 


PRX and DRX path interference to assume in th


e 


analysis. For PC3, 


the difference has been anything between 


0….10dB in the analysis seen from tens of 


companies in past ten years.


 


The assumed differen


c


e has direct imp


a


ct to 


the MSD difference between 1TX PC2 and 2TX PC3


.


 


We show some 


extremely simplified 


example 


calculations using 0, 5, 10dB PRX/DRX difference. 


These are shown 


just for illustrative purposes


. 


Band w


hich has


 


-


97dBm REFSENS with 3dB MSD for PC3 


is used as baseline.


 


Please 


note that in case of 2TX PC2, the


 


interference level used is 


a simplification mimicking the reality when both 




3GPP TSG - RAN WG4#110 bis   R4 - 24 05451   Changsha ,  China ,  April   15 th   –   1 9 th , 2024       Agenda item:   5 .1 .1. 2   Source:    Qualcomm France   Title:     Discussion on MSD for 1TX/2TX PC2   Document for:   Discussion   Introduction   Possibilities to use some kind  framework   to derive  MSD for 1TX/2TX PC2   cases from respective PC3 MSD   is  discussed in this contribution .     1.   Background   Recent introduction of PC2 FDD   has been a  laborious   task in RAN4. Now, and even more in near future the amount  of work needed will increase exponentially  as  it is  envisioned most of current PC3 FDD bands combinations will  eventually be introduced for PC2 FDD as well.     2.   Discussion   Over the past ten  years or so, Carrier Aggregation has been one of key themes in RAN4 RF. In the beginning  everything was sort of new for companies and consequently each combination had its own WI   during first years in  LTE CA   (!) . Since that,   things have  evolved  drastically  and CA has become   so common that in many cases the  requirements including MSD exceptions are just copied from already existing similar combinations.   While this is in  many ways inevitable as no - one has the time to conduct rigorous analysis for each combina tion including  careful  assessment of possible filter attenuations etc for the analysis,  some kind of consistency should still be maintained  -   or regained.   FDD PC2 is a bit tricky in the sense that it introduces two  architecture options, 1TX PC2 and 2TX PC2.   It is  quite   straightforward  to derive 1TX PC2 MSD f or  cases where respective  PC3 MSD  is  specified , as the only  thing increasing is the aggressor power. 3dB is pretty good estimate,  even  that does not always fully hold.   The  amount of  TX noise which consists of PA noise and transceiver noise increases, but the exact amount varies a bit.  IP2 interference increases two - fold, so 3dB increase to TX power increases receiver IP2 by 6dB. Putting these two  aspects together   totals everything from  ~3dB to a bit above 3 dB.   For 2TX case, the situation is much more challenging.  Both RX branches see aggressor   same aggressor power which  consists of the aggressor power of own TX, and the aggressor power coupled from other antenna via   antenna  isolation. It is, anyhow, possible to derive a consistent method on how to combine  the aggressor powers  and how to  calculate the MSD.   Overall, maybe t he   most challenging topic to agree is what kind of overall difference betw een  PRX and DRX path interference to assume in th e  analysis. For PC3,  the difference has been anything between  0….10dB in the analysis seen from tens of  companies in past ten years.   The assumed differen c e has direct imp a ct to  the MSD difference between 1TX PC2 and 2TX PC3 .   We show some  extremely simplified  example  calculations using 0, 5, 10dB PRX/DRX difference.  These are shown  just for illustrative purposes .  Band w hich has   - 97dBm REFSENS with 3dB MSD for PC3  is used as baseline.   Please  note that in case of 2TX PC2, the   interference level used is  a simplification mimicking the reality when both 

