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Introduction
At RAN4 #93, UE and BS demodulation requirements for the WI on Additional MTC enhancements for LTE [1] were discussed. In the WF [2], the following agreements on UE and BS demodulation requirements are reflected. 
	UE demodulation requirements
· RAN4 to introduce:
· MPDCCH demodulation requirements due to MPDCCH performance improvement. 
· CSI reporting requirements due to the introduction of CSI-RS based feedback 
· FFS to introduce new UE demodulation requirements for 
· Multi-TB scheduling for PDSCH
· MPDCCH/PDSCH demodulation requirements due to the use of LTE control region
· No other UE demodulation and CSI reporting requirements are introduced 

BS demodulation requirements 
· FFS to introduce new BS demodulation requirements for multi-TB scheduling for PUSCH
· No other BS demodulation requirements are introduced 


This contribution discusses open issues in the WF, as depicted above, and provides an additional discussion for the MPDCCH performance improvement and CSI-RS based feedback features. No other UE or BS demodulation requirements than listed above should be introduced.
Discussion
The discussion in this section refers to the open issues in the WF, as depicted above, as well as to the MPDCCH performance improvement and CSI-RS based feedback features.
[bookmark: _Hlk32257112]Multi-TB scheduling enhancement
The matter was discussed at RAN4 #93 with different views of companies. In [3] and [4], it was argued that due to the interleaved transmission of repetitions, new PDSCH and PUSCH demodulation requirements are required for this case (for UE reception, performance impacts due to increased buffer size requirements and for BS reception, performance impacts due to different rate matching were mentioned during the discussion). In [5], it was stated that no change of the UL PHY design is expected, while any performance gain over single (non-interleaved) TB scheduling stems from increased time diversity of the radio channel, thus not requiring specifying separate PDSCH and PUSCH demodulation requirements for multi-TB scheduling. Nokia supported the view in [5], also as performance requirements for scheduling enhancements are not covered by the WID [1]. 
The sourcing companies’ view is the same at the present meeting. No change to the WID [1] was made at RAN #86 to reflect the need for specifying corresponding UE and BS demodulation requirements; it is noted that the same applies for the WI on Additional enhancements for NB-IoT [6].  
The following observation is made:
	For multi-TB scheduling, the main performance benefit can be reasoned by increased time diversity of the radio channel rather than refinements to PHY layer reception.
Thus, the following proposal is made:
No separate UE / BS demodulation requirements are required for multi-TB scheduling for PDSCH / PUSCH.  
Use of LTE control region 
Again, this matter was discussed at RAN4 #93 with different views of companies. In [5], it was argued that the use of the LTE control region for PDSCH and MPDCCH transmission to BL/CE UEs, in stand-alone LTE-M deployment, will impact the PHY layer design and thus may need new UE demodulation requirements. In [3], it is argued that the inclusion of LTE control channel resources to MPDCCH transmission and PDSCH broadcast transmission will impact rate matching, though not enforce an essential change of receiver algorithms. Thus, it is proposed not to introduce UE demodulation requirements for using the LTE control region. Based on these contributions, the aspect was left FFS. 
The sourcing companies’ view is that the performance impact of this feature should be analysed for one or two specific configurations of the LTE control region use, e.g. usage of all LTE control region resources for MPDCCH or PDSCH. It is noted that [7] specifies in subclause 6.8B.5 for the case that MPDCCH transmission in the LTE control region is configured by the higher layer parameter ce-dl-lte-control-region-config, the following:
“The resource elements used for MPDCCH in the first lMPDCCHStart symbols in the second slot are copied into the first lMPDCCHStart symbols in the first slot”. 
No rate matching impact for MPDCCH is observed, while the receiver can benefit from symbol repetition. For PDSCH transmission, [7] specifies in subclause 6.4.1 for the case that PDSCH transmission in the LTE control region is configured by the higher layer parameter ce-dl-lte-control-region-config, that the mapping to resource elements should be adjusted to include available LTE control channel resources, hence there is a rate matching impact. 
It is our view, that only if there is significant performance impact (i.e. in the order of at least 1 dB), then RAN4 should define new performance requirements to be tested. As there is a variety of scenarios (use for MPDCCH, unicast PDSCH, broadcast PDSCH), in order to analyse this performance impact, assumptions on MPDCCH and PDSCH, such as resource configuration, aggregation level, repetition level, modulation scheme, etc. need to be identified. Therefore, guidance from RAN1 as the leading WG on relevant performance evaluation scenarios for this feature should be sought.
The following observation is made:
  To evaluate, if the use of LTE control region yields a significant performance impact, justifying introduction of new UE demodulation requirements, simulation assumptions on the configuration of resources and related PHY layer parameters for MPDCCH and PDSCH are required.
Thus, the following proposal is made:
RAN4 should liaise with RAN1 to receive guidance on relevant performance evaluation scenarios, i.e. assumptions on the configuration of resources and related PHY layer parameters for MPDCCH and PDSCH, for evaluating the performance gain for the feature ‘use of LTE control region in LTE-M standalone deployment’. 
Requirements for MPDCCH performance improvement and 	CSI reporting for CSI-RS based feedback 
For MPDCCH using DMRS and CRS, RAN1 designed two modes, one using precoder cycling (i.e. open-loop), the other based on CSI feedback (i.e. closed-loop). In our view both modes need to have associated demodulation requirements.
For CSI reporting requirements due to the introduction of CSI-RS based feedback, this is limited to single layer transmission to non-BL UEs in CE mode A, according to RAN1 #95 agreement. 
Thus, the following proposals are made:
RAN4 should specify demodulation requirements for MPDCCH using DMRS and CRS, for both modes precoder cycling and CSI feedback. 
RAN4 should specify CSI reporting requirements for CSI-RS based feedback only for single layer transmission to non-BL UEs in CE mode A.
Conclusion
This contribution has discussed two open issues 
· on the need for separate PDSCH and PUSCH demodulation requirements for multi-TB scheduling and 
· on the need for separate MPDCCH/PDSCH demodulation requirements for use of LTE control region in LTE-M standalone deployment, 
with both enhancements included in the WID [1]. Some clarifications on UE demodulation requirements for both features MPDCCH performance improvement and CSI-RS based feedback have also been provided. Following proposals for agreement are made:
1. No separate UE / BS demodulation requirements are required for multi-TB scheduling for PDSCH / PUSCH. 
1. RAN4 should liaise with RAN1 to receive guidance on relevant performance evaluation scenarios, i.e. assumptions on the configuration of resources and related PHY layer parameters for MPDCCH and PDSCH, for evaluating the performance gain for the feature ‘use of LTE control region in LTE-M standalone deployment’.
RAN4 should specify demodulation requirements for MPDCCH using DMRS and CRS, for both modes precoder cycling and CSI feedback. 
RAN4 should specify CSI reporting requirements for CSI-RS based feedback only for single layer transmission to non-BL UEs in CE mode A.
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