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Discussion and Decision
1 Introduction

One of the objectives for Rel-16 additional MTC enhancements is to specify CE mode A and B improvements for non-BL UEs. In RAN1 #96, the following agreements were made in relation to this topic [1]:

Agreement

Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A. FFS on:

· The number of CSI-RS ports

· CSI feedback mechanism

· Resource assignment issue due to REs used for CSI-RS

In this contribution, we further discuss CE mode A improvements for non-BL UEs and make some proposals.
2 Discussion
It has been agreed that Rel-15 CSI-RS-based CSI feedback is supported for non-BL UEs operating in CE mode A. CSI measurement for feedback in all the supported reporting modes is based on CRS for BL UEs. With CRS-based feedback, a single codebook index is reported for each PMI value. For non-BL UEs, CSI measurement for TM9 based on CSI-RS can be considered. With this type of feedback, a pair of codebook indices is reported for each PMI value. Such reporting enables the use of a larger codebook, which can yield better performance than with CRS-based feedback. The performance gain comes at the expense of increased feedback overhead when PMI/RI feedback based on CSI-RS is configured.
Legacy PDSCH transmission relies on CRS-based CSI feedback. Since the number of CRS ports is limited to 4, the number of antenna ports that can be used for PDSCH transmission is also limited to 4. With TM9, however, 8 antenna ports can be used for PDSCH transmission if CSI-RS-based CSI feedback is available, which is becoming more useful for practical deployments with a larger number of transmit antennas. There is a motivation to consider the increased number of antenna ports because performance is expected to be better. The important consideration, however, is the support required for Rel-16 non-BL UEs in CE mode A for 8 CSI-RS antenna ports. For transmission to UEs that are not aware of the CSI-RS, the REs used for transmission of CSI-RS to Rel-16 non-BL UEs in CE are punctured. The impact of this puncturing is perceived by these UEs as increased interference, resulting in performance degradation. Furthermore, larger the number of CSI-RS ports, larger the overhead due to CSI-RS and larger the feedback overhead. Taking this into consideration, the number of CSI-RS ports can be limited to 4.
Proposal 1: The number of CSI-RS ports is limited to 4.
CSI-RS are sparsely distributed in time and frequency. Therefore, a concern for UEs in CE is whether sufficient CSI estimation accuracy can be achieved with the low density. If not, to achieve the desired accuracy, either increasing the measurement period or repetition of CSI-RS can be considered. Increasing the measurement period has a negative impact on UE power consumption. On the other hand, repetition of CSI-RS increases overhead and also interference to UEs that are unaware of the CSI-RS. Further study is needed to determine whether new CSI-RS configurations or CSI-RS repetition is necessary.
Proposal 2: Further study the need for new CSI-RS configurations or CSI-RS repetition.

Rel-16 non-BL UEs in CE mode A will be aware of the CSI-RS configuration information. Therefore, it is possible to consider rate-matching for MPDCCH or PDSCH transmission to these UEs. A potential issue, however, is that the CSI-RS may not follow the same repetition pattern of MPDCCH or PDSCH. This means that subframes for different repetitions are not rate-matched the same way, which while increasing implementation complexity, may also create problems for receivers performing combining across subframes. In such cases, it may be better to allow puncturing of REs used for CSI-RS in spite of the interference. This is not an issue when the number of repetitions is 1. It is not desirable to support multiple rate-matching schemes depending on the number of repetitions, considering that the new rate matching may be useful only for a small number of UEs and to avoid increased implementation complexity. Therefore, our view is that the REs used for CSI-RS are punctured in all cases.
Proposal 3: REs used for CSI-RS are punctured.

3 Conclusions

In this contribution, CE mode A improvements for non-BL UEs are discussed. The following observation and proposals are made.
Proposal 1: The number of CSI-RS ports is limited to 4.

Proposal 2: Further study the need for new CSI-RS configurations or CSI-RS repetition.

Proposal 3: REs used for CSI-RS are punctured.
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