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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN1 #98 meeting, the following agreements for CE mode A and B improvements for non-BL UEs were reached [1]:
· At least submode 1 is supported for PUCCH mode 1-1 for non-BL UEs in CE mode A 
· Further consider the additional support of submode 2
· Assuming RI=1, Table 7.2.2-1E in TS 36.213 is reused without modification for the support of CSI-RS based CSI feedback for non-BL UEs in CE mode A.
· For ETWS/CMAS indication to a non-BL UE in CE in connected mode via DCI using Type 0 CSS, the DCI formats are selected between the following two alternatives in RAN1#98bis   
· DCI format 3/3A with one of the TPC commands repurposed for ETWS/CMAS notification
· DCI format 6-1A/[1B] with a new RNTI for ETWS/CMAS notification
In this contribution, we further discuss CE mode A and B improvements for non-BL UEs. 
2. [bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK14][bookmark: OLE_LINK13][bookmark: OLE_LINK95][bookmark: OLE_LINK94][bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK50]Discussion
1 
2 
CSI-RS based CSI feedback
PUCCH 1-1
The precoder for 8Tx antennas contains 256 codebooks, 128 of which are duplicate codebooks. In existing PUCCH1-1 submode 2 for 8 CSI-RS ports, since CQI/first PMI/second PMI is reported in the same subframe, the number of subsampled codebooks is restricted to 16, which is much smaller than the number of all 8Tx codebooks. Although the report mechanism of submode 2 is applicable for CE mode A, the performance of PMI feedback has a certain loss. In Figure 1 and 2, PMI feedback with subsampled codebooks of submode 2 shows performance degradation compared to that with all 8Tx codebooks. And the codebook subsampling of submode 2 significantly reduces the gain of CSI-RS based 8Tx PMI feedback over CRS based 4Tx PMI feedback. Therefore, PUCCH1-1 submode 2 may not be appropriate for CSI-RS based CSI feedback for non-BL UEs in CE mode A.
Observation 1: For existing PUCCH 1-1 submode 2, PMI feedback with subsampled codebooks shows performance degradation compared to that with all 8Tx codebooks.
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Figure 1 PMI reporting performance for repetition=1
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Figure 2 PMI reporting performance for repetition=4
Proposal 1: Submode 2 is not supported for PUCCH mode 1-1 for non-BL UEs in CE mode A.
CSI-RS based CSI reference resource 
For CRS based CSI feedback in CE mode A, CSI is calculated assuming transmission on all narrowband(s) in CSI reference resource. The UE configured in CE mode A can only receive the CRS within one narrowband in a subframe. So when frequency hopping is enabled, the UE needs multiple subframes to achieve a CSI measurement for all narrowbands. Hence, CRS based CSI reference resource spans a set of BL/CE downlink or special subframes in time domain and corresponds to all narrowband(s) used for MPDCCH monitoring in frequency domain.
For CSI-RS based CSI feedback in CE mode A, the non-BL UE has the capability to receive full band CSI-RS and measure CSI based on any bandwidth in entire bandwidth range. So a CSI measurement for all narrowbands in CSI reference resource can be performed in one subframe. Therefore, for non-BL UEs in CE mode A, CSI-RS based CSI reference resource could be defined as one or more CSI-RS subframes in time domain. 
Observation 2: Based on CSI-RS, a CSI measurement for all narrowbands in CSI reference resource can be performed in one subframe for CE mode A.
Proposal 2: CSI reference resource based on CSI-RS can be defined as one or more CSI-RS subframes in time domain for non-BL UEs in CE mode A. 
In frequency domain, CRS based CSI reference resource involves the narrowbands used for MPDCCH monitoring. When PUCCH 1-1 for 8 CSI-RS ports is configured in CE mode A, it can be considered that non-BL UEs calculate CSI assuming transmission on all narrowband(s) for MPDCCH monitoring. Whereas, the transmission bandwidth of PDSCH for non-BL UEs may be larger than the bandwidth for MPDCCH monitoring. In this case, CSI measurement based on PDSCH bandwidth can match the transmission channel better.
For the UE configured with CE mode A and CSI-RS based CSI report, a CQI index, a first PMI index and a second PMI index need to be reported in PUCCH 1-1 regardless of the size of measurement bandwidth. Hence, if only PUCCH 1-1 mode is supported for CSI-RS based CSI report for non-BL UEs in CE mode A, the measurement bandwidth can be dependent on UE implementation.
Proposal 3: For non-BL UEs in CE mode A, the measurement bandwidth for CSI-RS based CSI feedback can reuse the narrowbands for MPDCCH monitoring or be based on UE implementation.
ETWS/CMAS in Connected Mode
Regarding ETWS/CMAS indication, the following two alternatives are selected:
· DCI format 3/3A with one of the TPC commands repurposed for ETWS/CMAS notification
· DCI format 6-1A/[1B] with a new RNTI for ETWS/CMAS notification
The existing DCI format 3 and 3A are used to indicate TPC command for PUCCH and PUSCH. In DCI format 3A, each bit corresponds to a TPC command field which has a value of 0 or 1. When a DCI format is descrambled by TPC-PUCCH-RNTI or TPC-PUSCH-RNTI, this control information may be incorrectly decoded. In this case, since all the fields in DCI format 3A are informative bits which are unknown to UE, the UE cannot additionally verify the accuracy of fields in DCI format 3A through these decoded bits. The same issue also exists in DCI format 3. Thus, in practice, DCI format 3/3A has a high false alarm rate which is not conducive to ETWS/CMAS indication.
Observation 3: The existing DCI format 3/3A for TPC command has a high false alarm rate which is not conducive to ETWS/CMAS indication.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]The size of existing DCI format 3/3A is equal to the size of 6-0A, which is larger than the size of DCI format 6-0B. If a UE monitors DCI format 3/3A and DCI format 6-0B/6-1B simultaneously in CE mode B, the maximum number of blind detections will be increased by 4 due to different DCI sizes between 3/3A and 6-0B/6-1B. And ETWS/CMAS indication is not present frequently, so monitoring DCI format 3/3A in CE mode B will seriously waste UE power consumption. Type-0 CSS supported in CE mode B should not increase additional blind decode. Moreover, since TPC command for PUCCH and PUSCH is not supported in CE mode B, if DCI format 3/3A is adopted for ETWS/CMAS indication in CE mode B, DCI format 3/3A needs to be re-designed.
Observation 4: In CE mode B, if the non-BL UE monitors DCI format 3/3A and DCI format 6-0B/6-1B simultaneously, the maximum number of blind detections will be increased by 4.
Observation 5: In CE mode B, since TPC command is not supported, DCI format 3/3A needs to be re-designed.
Therefore, we propose to use DCI format 6-1A and 6-1B to indicate ETWS/CMAS for CE mode A and B respectively to avoid an increase of number of blind detections. In DCI format 6-1A/6-1B for ETWS/CMAS indication, etws-Indication and cmas-Indication can be represented by two 1-bit fields as in DCI format 6-2. If etws-Indication and/or cmas-Indication is present, UE needs to detect the corresponding ETWS and/or CMAS notification in SIB. In addition, some check bits are introduced in DCI format 6-1A and 6-1B, e.g. 10 check bits, to prevent ETWS/CMAS false alarm. If the check bits are not decoded correctly, UE can discard this decoded downlink control information. Furthermore, for CE mode A, additional bits of value zero are appended to format 6-1A until the size is equal to that of format 6-0A. And for CE mode B, additional bits of value zero are appended to format 6-1B until the size is equal to that of format 6-0B. Also, these appended bits can be reserved for further enhancements. Compared to DCI format 3/3A, DCI format 6-1A and 6-1B use fewer valid bits so that their decoding performance is better. Meanwhile, new RNTI is defined to support DCI format 6-1A/6-1B for ETWS/CMAS indication.
Observation 6: For ETWS/CMAS indication, DCI format 6-1A and 6-1B use fewer valid bits so that their decoding performance is better compared to DCI format 3/3A.
In DCI format 3/3A, the number of TPC commands is limited by DCI size. Consequently, the number of UEs notified by DCI Format 3/3A is limited. In CE mode, with the same DCI size as DCI format 6-0A/6-0B, the resource of DCI format 3/3A can only multiplex a group of UEs. That is, for ETWS/CMAS indication, DCI format 3/3A can only notify a group of UEs with same DCI format 6-0A/6-0B size while DCI format 6-1A/6-1B can notify all the UEs with same DCI format 6-0A/6-0B size.
Observation 7: For ETWS/CMAS indication, DCI format 3/3A can only notify a group of UEs with same DCI format 6-0A/6-0B size while DCI format 6-1A/6-1B can notify all the UEs with same DCI format 6-0A/6-0B size.
Considering the rarity of ETWS/CMAS notifications, fixed reserved fields in DCI format 3/3A for ETWS and CMAS indication causes waste of resource. For DCI Format 6-1A and 6-1B, when ETWS/CMAS notification is absent, the corresponding DCI is not transmitted.
Observation 8: Considering the rarity of ETWS/CMAS notifications, fixed reserved fields in DCI format 3/3A for ETWS and CMAS indication cause waste of resource.
In summary, DCI format 6-1A and 6-1B are more appropriate for ETWS/CMAS indication to non-BL UEs in CE in connected mode.
Proposal 4: For non-BL UEs in CE in connected mode, DCI format 6-1A and 6-1B can be used to indicate ETWS/CMAS for CE mode A and B respectively.
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]ETWS indication field
· CMAS indication field
· Check bits
· New RNTI is defined to support DCI format 6-1A/6-1B for ETWS/CMAS indication.
3. Conclusion
In this contribution, we discuss CE mode A and B improvements for non-BL UEs. And following observations and proposals are given:
Observation 1: For existing PUCCH 1-1 submode 2, PMI feedback with subsampled codebooks shows performance degradation compared to that with all 8Tx codebooks.
Observation 2: Based on CSI-RS, a CSI measurement for all narrowbands in CSI reference resource can be performed in one subframe for CE mode A.
Observation 3: The existing DCI format 3/3A for TPC command has a high false alarm rate which is not conducive to ETWS/CMAS indication.
Observation 4: In CE mode B, if the non-BL UE monitors DCI format 3/3A and DCI format 6-0B/6-1B simultaneously, the maximum number of blind detections will be increased by 4.
Observation 5: In CE mode B, since TPC command is not supported, DCI format 3/3A needs to be re-designed.
Observation 6: For ETWS/CMAS indication, DCI format 6-1A and 6-1B use fewer valid bits so that their decoding performance is better compared to DCI format 3/3A.
Observation 7: For ETWS/CMAS indication, DCI format 3/3A can only notify a group of UEs with same DCI format 6-0A/6-0B size while DCI format 6-1A/6-1B can notify all the UEs with same DCI format 6-0A/6-0B size.
Observation 8: Considering the rarity of ETWS/CMAS notifications, fixed reserved fields in DCI format 3/3A for ETWS and CMAS indication cause waste of resource.
[bookmark: _GoBack]Proposal 1: Submode 2 is not supported for PUCCH mode 1-1 for non-BL UEs in CE mode A.
Proposal 2: CSI reference resource based on CSI-RS can be defined as one or more CSI-RS subframes in time domain for non-BL UEs in CE mode A. 
Proposal 3: For non-BL UEs in CE mode A, the measurement bandwidth for CSI-RS based CSI feedback can reuse the narrowbands for MPDCCH monitoring or be based on UE implementation.
Proposal 4: For non-BL UEs in CE in connected mode, DCI format 6-1A and 6-1B can be used to indicate ETWS/CMAS for CE mode A and B respectively.
· ETWS indication field
· CMAS indication field
· Check bits
· New RNTI is defined to support DCI format 6-1A/6-1B for ETWS/CMAS indication.
4. Reference
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][1] Chairman's Notes RAN1#98 final, 3GPP, RAN1#98
[2] R1-1908261, On CE mode A and B improvements for non-BL UE, ZTE, RAN1#98
[3] R1-1908831, CE Mode A and B improvements for non-BL UEs, Qualcomm, RAN1#98
image2.emf
-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR

Normalized Throughput

EPA5, CFI=2, PMI reporting, Repetition=4

 

 

MCS11,4Tx,CRS

MCS11,8Tx,CSI-RS,All codebooks

MCS11,8Tx,CSI-RS,submode2

MCS14,4Tx,CRS

MCS14,8Tx,CSI-RS,All codebooks

MCS14,8Tx,CSI-RS,submode2


image1.emf
-8 -6 -4 -2 0 2 4 6

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR

Normalized Throughput

EPA5, CFI=2, PMI reporting, Repetition=1

 

 

MCS4,4Tx,CRS

MCS4,8Tx,CSI-RS,All codebooks

MCS4,8Tx,CSI-RS,submode2

MCS11,4Tx,CRS

MCS11,8Tx,CSI-RS,All codebooks

MCS11,8Tx,CSI-RS,submode2


