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Introduction
This contribution is a revised version R1-1902972 [1] submitted in RAN1#96.  We propose solution to resolve the confusing issue related to power control offset used for CQI calculation. 
[bookmark: _Ref521530293]Clarification of Pc ratio for CQI calculation 
In current spec of TS38.214 [2], UE formulates a PDSCH hypothesis with the computed PMI, and compute CQI using the PDSCH hypothesis with the configured Pc ratio. It is captured as follows (Sec. 5.2.2.5):
For CQI calculation, the UE should assume that PDSCH signals on antenna ports in the set [1000,…, 1000+ν-1] for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000,…, 3000+P-1], as given by  … The corresponding PDSCH signals transmitted on antenna ports [3000,…,3000 + P - 1] would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in Subclause 4.1..
The above wording may confuse UE about the definition of PDSCH EPRE and CSI-RS EPRE. Generally, there are two understandings of EPRE: 1) EPRE is defined as the energy per port per subcarrier, and 2) EPRE is defined as the total energy per subcarrier (across all ports). Each understanding leads to the following respective interpretation of Pc ratio.
· Alt1: Pc ratio is the ratio of per-port PDSCH EPRE to per-port CSI-RS EPRE. Mathematically, it writes as , where  and  respectively denotes the transmit power of one PDSCH port and one CSI-RS port on one subcarrier. Then, the total transmit power of the PDSCH hypothesis on one subcarrier is given by , where  is the per-port CSI-RS power on one subcarrier as defined in Sec 7.4.1.5.3 of TS38.211 [3]. In this case, the PDSCH hypothesis used for CQI calculation is based on the equation .
· Alt2A: Pc ratio is the ratio of EPRE of total PDSCH ports to EPRE of total CSI-RS ports. Mathematically, it writes as . Then, the total transmit power of the PDSCH hypothesis on one subcarrier is given by , and the PDSCH hypothesis used for CQI calculation is based on the equation ;
· Alt2B: Pc ratio is the ratio of EPRE of total PDSCH ports to EPRE of all CSI-RS ports multiplexed on one subcarrier. Then, the total transmit power of the PDSCH hypothesis on one subcarrier is given by , and the PDSCH hypothesis used for CQI calculation is based on the equation .
From our understanding, it is desired that gNB and UE have same understanding Pc, otherwise the CQI report would be either optimistic or pessimistic. For instance, if a gNB assumes Alt2A and a UE assumes Alt2B, there would be 12dB bias assuming  and . In this case, it would take a long time for link adaptation. 
Among the three alternatives, Alt1 follows the definition of RE (Sec. 4.4.3 of [3]), “Each element in the resource grid for antenna port  and subcarrier spacing configuration  is called a resource element and is uniquely identified by  where  is the index in the frequency domain and  refers to the symbol position in the time domain relative to some reference point”, meaning that an RE is defined per port, thus EPRE corresponds to the energy of one port on one subcarrier. However, Alt1 scales the PDSCH power with rank, which contradicts to the common understanding of constant transmit power regardless of rank. 
To justify Alt2A and Alt2B, we can take a simple example with 2 PDSCH ports and 2 CSI-RS ports. The 2 CSI-RS ports are multiplexed via FDM. Let us assume each Tx port transmits with full power on each symbol and the total power on each subcarrier is same no matter what channel is carried on that subcarrier. Then, the  should be 0dB in this case. The total transmit power of PDSCH on one subcarrier is  where  is full transmit power of one Tx port. The total transmit power CSI-RS on one subcarrier is also  (considering power boosting of FDM). Hence, based on the derivation, we see Alt2B gives the correct answer, which implies that the  ratio should scale with number of CSI-RS ports multiplexed on one subcarrier (which is 1 in this case). 
Based on the discussion, we propose
[bookmark: _Toc525985505]Proposal:	The definition of Pc ratio used in CQI calculation should be clarified.
Proposal:	The Pc ratio used in CQI calculation is defined as the ratio of EPRE of total PDSCH ports to the EPRE of all CSI-RS ports multiplexed on the same subcarrier.
Conclusion
In this contribution, we raise the issue of confusing UE behaviour in using Pc ratio for CQI calculation.  We made following proposal.
Proposal:	The definition of Pc ratio used in CQI calculation should be clarified.
Proposal:	The Pc ratio used in CQI calculation is defined as the ratio of EPRE of total PDSCH ports to the EPRE of all CSI-RS ports multiplexed on the same subcarrier.
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