3GPP TSG-RAN WG1 Meeting #82bis
R1-155945           
Malmö, Sweden, 5th - 9th October 2015
Agenda Item:
7.2.1.5
Source: 
MediaTek Inc.

Title:  
CSI measurement and reporting 
Document for:
Discussion/Decision
1 Introduction
In previous several meetings, some agreements on CSI measurement and reporting were made as following [1][2][3]: 
· Consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs

· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement

· For low complexity MTC UEs in normal coverage, at least when PUCCH resource is configured, 

· Periodic CSI feedback over PUCCH is supported

· FFS on details
· When CSI reporting is supported, CSI reporting by low-cost and coverage-enhanced UEs is simplified by 

· Not reporting RI

· Within a narrowband, all the RBs in the narrowband are assumed for reference measurement

· CSI reference resource is extended to span multiple subframes M (M>1) at least for UEs in small DL coverage enhancement

· FFS: M is semi-statically, UE-specifically, configured, or fixed

· FFS: if and how the extension is configured
From these agreements, we can see some progress has been made for CSI measurement and reporting. However, more details needs to be discussed and concluded. In this contribution, we discussed some issues on CSI measurement and reporting for Rel-13 MTC UEs in normal coverage and UEs in enhanced coverage respectively. Based on the discussion, some observations and proposals are made.
2 Discussion
2.1 CSI measurement
CSI measurement in normal coverage
For Rel-13 MTC UEs in normal coverage, it is beneficial to achieve frequency selective scheduling gain by configuring multiple narrow-bands used for CSI measurement. A Rel-13 MTC UE can measure multiple configured narrow-bands and reporting corresponding CSIs for each measured narrow-band. Based on the multiple reported CSIs, eNB can schedule an optimal narrowband for the Rel-13 MTC UE. In this case, the scheduled PDSCH may not be in the same narrow-band as M-PDCCH , i.e. cross-narrowband scheduling is supported. In order to simplify UE effort on CSI measurement, the configured narrow-bands for CSI measurement should be a small subset of the available narrow-bands within system bandwidth, e.g. just measuring 2, or 3 narrow-bands. 
If the multiple narrow-bands are configured for measurement, Rel-13 MTC UEs can only measure one of the narrow-bands at once due to a single narrow-band RF capability. Therefore, a gap may be needed for CSI measurement over different narrow-bands, which is similar to existing RRM measurement gap configured for inter-frequency/inter-RAT measurement. Within the CSI measurement gap, eNB will try to avoid scheduling any DL transmission to a Rel-13 MTC UE who may perform CSI measurement in a narrowband different from the one for its M-PDCCH/PDSCH transmission. But, it is difficult to avoid some DL transmission with the special purpose (e.g. RAR) and some DL transmission with fixed timing (e.g. UL HARQ-ACK, SPS PDSCH). To solve the collision, one solution may be to drop CSI measurement and reporting, i.e. CSI measurement gap has lower priority comparing with these unavoidable and high-priority DL transmissions. 
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Figure 1   CSI measurement gap for measuring multiple narrow-bands
As illustrated in figure 1, during CSI measurement gap, multiple narrow-bands can be measured in turn according to the measurement scheduling algorithm. The duration of CSI measurement gap depends on the number of measured narrow-bands and the time for RF retuning to switch narrow-bands. For example, if 4 narrow-bands are configured for CSI measurement, the CSI measurement gap could be 4ms assuming less than 3 symbols for RF tuning is possible. Otherwise, 9ms with the extra retuning subframe is expected for gap configuration. It should be noted that the time for RF retuning is still under RAN4 discussion. For aperiodic CSI reporting using PUSCH, CSI measurement gap may have the impact on the timing for PUSCH-based CSI reporting if reusing the current triggering mechanism with CSI request field in DCI. In addition, a long CSI measurement gap may impact the peak throughput of Rel-13 MTC UEs.
As discussed above, the extra retuning subframe for switching between the measured narrow-bands may not be required if dropping the first several OFDM symbols is sufficient for RF retuning. However, it is unclear whether the dropping of several OFDM symbols impacts the CSI measurement performance of the measured narrow-bands without full subframe. For example, for CRS based CSI measurement, dropping a quarter of CRS resources (i.e. dropping the CRS in the first OFDM symbol) may or may not cause degradation of CSI measurement accuracy, depending on the UE implementation. For CSI-RS based CSI measurement, no CSI-RS resource is dropped since CSI-RS is located in the latter of the first slot. In addition, the last few OFDM symbols not carrying CSI measurement resources could also be used for RF retuning. An optimal RF retuning pattern not requiring an extra retuning subframe may shorten the CSI measurement gap.  
In some cases, the network may configure a single narrow-band for CSI measurement (same as the narrow band for M-PDCCH) to reduce the scheduling opportunity loss caused by the CSI measurement gap. Thus, the purpose of the CSI measurement in the single narrow-band is for link adaptation rather than frequency selective scheduling gain. Moreover, if the single narrow-band for CSI measurement is exactly the one for PDSCH scheduling, and if it is the same as the one for M-PDCCH monitoring, i.e. same band scheduling is supported, there is even no need to configure the measurement gap. 
Proposal #1: For Rel-13 MTC UEs in normal coverage, CSI measurement gap may need to be configured for measuring CSIs of multiple narrow-bands or measuring CSIs in the narrow-band different than M-PDCCH .
CSI measurement in enhanced coverage

For UEs in enhanced coverage, especially in a large CE level, it is difficult to achieve frequency selective scheduling gain since one transport block needs a long transmission time for repetition/bundling and wireless channel can be considered as flat during the long transmission time. Instead, frequency hopping across multiple narrow-bands can be applied to achieve frequency diversity gain, and it has been agreed as a repetition technique for most of the physical channels. 
Due to not supporting frequency selective scheduling, a UE in enhanced coverage needn’t report multiple CSIs corresponding to multiple measured narrow-bands for optimal narrowband selection. Instead, the UE in enhanced coverage can just report a single CSI for link adaptation. And, the single CSI can be derived by measuring any one or the multiple narrowbands within system bandwidth, e.g. all narrow-bands carrying possible MPDCCH/PDSCH transmission to avoid any measurement gap. During a long CSI measurement time, measuring any narrow-band in frequency domain can give almost the same contribution to the derived CQI value. In addition, the duration of CSI measurement should includes at least M subframes which are configured for CSI measurement resources of the UE. Therefore, as illustrated in figure 2 for CSI measurement in enhanced coverage, CSI measuring and DL monitoring/receiving can be performed simultaneously, and a dedicated CSI measurement gap is not required in this case. 
Observation #1: For UEs in enhanced coverage, CSI measurement resources can be based on any one of the narrow-bands associated with DL reception so that CSI measurement gap may not be needed. 
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Figure 2   Simultaneous CSI measuring and DL monitoring/receiving
2.2 CSI reporting
CSI reporting in normal coverage
Regarding CSI reporting in normal coverage, some agreements have been made, i.e. A-CSI and P-CSI reporting should be supported. The A-CSI and P-CSI reporting can reuse existing mechanisms, i.e. by PUSCH and PUCCH respectively. However, CSI reporting mode may need some revisions, e.g. some CSI reporting modes can be eliminated. 
Currently, there are three CQI feedback types (i.e. wideband CQI, UE selected subband CQI and higher layer configured subband CQI) and three PMI feedback types (i.e. no PMI, single PMI and multiple PMI). Since there is no subband partition in current 1.4MHz system bandwidth, smaller granularity than one narrowband is unnecessary for CSI measurement and reporting. Therefore, CQI/PMI feedback type can be simplified for Rel-13 MTC UEs. For example, wideband CQI, UE selected subband CQI, and higher layer configured subband CQI can be eliminated. A ‘narrow-band CQI’ feedback type can be introduced, and it corresponds to a MTC narrowband including 6PRBs in this case. If multiple narrow-bands are configured for CSI measurements, a ‘wideband CQI’ across the system bandwidth contributed by the multiple narrow-bands may not be required considering the simplification of CSI feedback type. In addition, multiple PMI can also be eliminated. Thus, there are just two CSI reporting modes, i.e. CSI reporting mode 0 for narrow-band CQI + no PMI, and CSI reporting mode 1 for narrow-band CQI + single PMI.
For A-CSI and P-CSI reporting of Rel-13 MTC UEs in normal coverage, the supported CQI/PMI feedback types and reporting modes may be the same, and the difference may be reporting payload in each reporting occasion. For example, A-CSI reporting using PUSCH can carry multiple narrow-band CQI/PMIs corresponding to all measured narrow-bands in each reporting occasion. P-CSI reporting using PUCCH can carry a single narrow-band CQI/PMI in each reporting occasion, and round-robin reporting can be applied for multiple measured narrow-bands.
Observation #2: Smaller granularity than one narrow-band is unnecessary for CSI measurement and reporting. 
Observation #3: Wideband CQI, UE selected subband CQI, higher layer configured subband CQI, multiple PMI can be eliminated, and narrowband CQI can be introduced. 
Proposal #2: For Rel-13 MTC UEs in normal coverage, only narrow-band CQI feedback type is supported.

CSI reporting in enhanced coverage
In RAN1#80 meeting, one agreement ‘No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement’ means that P-CSI reporting has been agreed to be eliminated at least for UEs in large CE level. However, the functionality of CSI reporting needs to be supported for link adaptation and CE level tracking. For UEs in enhanced coverage, a wideband CQI feedback type may be sufficient. As discussed in above section for CSI measurement in enhanced coverage, a composite CQI, i.e., the “wideband CQI” derived based on the narrow-bands associated with DL receptions, can be supported.  In addition, since the measurement on PMI may not be much accurate at ultra-low SINR and channel phase may frequently change in a long CSI measurement time, PMI feedback can be eliminated. Therefore, CSI reporting in enhanced coverage may be just a single wideband CQI feedback and no PMI feedback. It should be noted that Y value setting in X-Y frequency hopping pattern should take into account the sufficient period for CSI measurement.
Proposal #3: A composite CQI derived based on the measurements over the narrow-bands associated with DL receptions is supported without any measurement gap.
CSI reporting in enhanced coverage may reuse existing A-CSI mechanism, e.g., reusing current A-CSI triggering with CSI request field in DCI, and reusing current A-CSI reporting with PUSCH transmission. Alternatively, CSI reporting may be carried in MAC layer using a MAC CE since CSI change may be very semi-static in CE mode in particular in a larger CE level. The CSI reporting carried by MAC layer is similar to other MAC layer reporting (e.g. PHR and BSR), and event triggered CSI reporting is possible. For event triggered CSI reporting, UE can trigger a CSI reporting procedure if the changed channel quality from the last CSI reporting has been larger than a predefined or configured threshold. Comparing with eNB triggered CSI reporting in current A-CSI mechanism, unnecessary CSI triggering can be avoided and channel status change can be well tracked in time. Moreover, the physical layer signaling overhead for current A-CSI triggering can be reduced, i.e., 1~2 bits CSI request field can be removed for compact DCI design. 
Observation #4: Comparing with current A-CSI mechanism, event triggered CSI reporting carried in MAC layer may be more preferred for a very semi-static channel status in enhanced coverage. 
Proposal #4: For UEs in enhanced coverage, CSI reporting carried in MAC layer can be supported.

3 Conclusion
In this contribution, we discussed some issues on CSI measurement and reporting in normal coverage and enhanced coverage respectively. Based on the discussion, we have following observations:   
Observation #1: For UEs in enhanced coverage, CSI measurement resources can be based on any one of the narrow-bands with possible DL transmissions and CSI measurement gap may not be needed. 

Observation #2: Smaller granularity than one narrowband is unnecessary for CSI measurement and reporting. 
Observation #3: Wideband CQI, UE selected subband CQI, higher layer configured subband CQI, multiple PMI can be eliminated, and narrowband CQI can be introduced. 

Observation #4: Comparing with current A-CSI mechanism, event triggered CSI reporting carried in MAC layer may be more preferred for a very semi-static channel status in enhanced coverage. 
Based on the observations, the proposals are given as below:
Proposal #1: For Rel-13 MTC UEs in normal coverage, CSI measurement gap may need to be configured for measuring CSIs of the multiple narrow-bands.

Proposal #2: For Rel-13 MTC UEs in normal coverage, narrow-band CQI only feedback type can be supported.

Proposal #3: For UEs in enhanced coverage, CSI reporting carried in MAC layer can be supported.
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