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1 Introduction

In RAN#92b meeting and RAN#92 meeting, the following agreements and working assumptions are achieved [1-3]. 
	Agreement
· For codebook based UL transmission, the following table is used for UL PTRS power boosting
UL-PTRS-power/
Full coherent
Partial coherent
Non-coherent
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· Q=0 for 1 PT-RS port case, Q=3 for 2 PT-RS port case.[image: image5.png]



· Note: If two PT-RS ports are configured, their EPREs are the same.         
Working assumption:
Support variable time density LPT-RS for UCI-only PUSCH where information (e.g. MCS) in DCI is used to determine LPT-RS.


In this contribution, the remaining issues and further clarifications of PTRS design are discussed.
2 Issues for PTRS
2.1 DL PTRS power boosting
The agreed power boosting mechanism can be successfully applied in the case where one PRTS port and one DMRS port group are configured and the PTRS port is associated to this DMRS port group. It can also be applied to the case where two PTRS ports and two DMRS port groups are configured and each PTRS port is associated with a different DMRS port group. Basically, one PTRS port can only be associated with one DMRS group.

However, it has been agreed that one PTRS port can be transmitted for two scheduled DL DMRS port groups, and this PTRS port can be shared by two DMRS port groups because this PTRS port and the DMRS port(s) which are not in the associated DMRS port group are QCLed w.r.t. {Doppler spread, Doppler shift}. In such a case, if two DMRS groups can share the same power source and thus cross DMRS port group power borrowing is possible, PTRS power should not be only boosted based on the number of PDSCH layers within the DMRS port group associated with the PTRS port since the power of the muted REs in another DMRS group can also be used. Instead, the power boosting should be across two DMRS port groups.

Proposal 1: PTRS power boosting can be across two DMRS groups when one PTRS port is configured for two scheduled DMRS groups and corresponding power boosting table in [4] should be modified as follow.

Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i when two DMRS port groups are scheduled (
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2.2 UL PTRS power boosting for non-codebook based transmission
For codebook based UL transmission, gNB knows exactly whether the transmission is coherent, partial coherent or non-coherent so that power boosting can be done with power constraint. For non-codebook based transmission, gNB may not be able to know how precoding is done by the UE and therefore does not know if power constraint applies or not. In this regard, power boosting can be done using non-coherent approach. Alternatively, DL power boosting table can be reused and the benefit is that both coherent and non-coherent options are kept open. 

Proposal 2:For non-codebook based UL  transmission, PT-RS power boosting can either reuse non-coherent power boosting table in codebook based UL or reuse the DL power boosting table.
2.3 PT-RS Density in case of UCI on PUSCH without UL-SCH
It has been agreed that for UCI-only multiplexed on PUSCH without UL-SCH, modulation order and code rate are signalled in DCI. It was further agreed that PT-RS density should be decided by MCS indicated in DCI. Therefore, there is no spec impact.
Proposal 3: Confirm the working assumption and no spec impact is required for PT-RS density in case of UCI on PUSCH without UL-SCH . 
3 Conclusions

This contribution considered some clarifications and corrections of PTRS issues. The following observations and proposals are provided.
Proposal 1: PTRS power boosting can be across two DMRS groups when one PTRS port is configured for two scheduled DMRS groups and corresponding power boosting table in [4] should be modified as follow.

Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i when two DMRS port groups are scheduled (
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Proposal 2:For non-codebook based UL  transmission, PT-RS power boosting can either reuse non-coherent power boosting table in codebook based UL or reuse the DL power boosting table.

Proposal 3: Confirm the working assumption and no spec impact is required for PT-RS density in case of UCI on PUSCH without UL-SCH .
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