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Introduction 
The goal of this email is to discuss the remaining issues on UCI for NB-IoT. 
Discussion
1. Should aperiodic CSI be supported for NB-IoT? (in case aperiodic CSI is not supported, please share your views whether it is necessary to inform the change of link quality and if so how UE can inform the change of link quality e.g., initiate RACH procedure)
	Company
	Inputs

	Intel
	In our view, aperiodic CSI is not needed. Any drastic change in link quality can be handled via initiating RA procedure or even RLF, and tracking of the channel condition can be realized at the eNodeB based on A/N feedback in response to NB-PDSCH as well as using received signal quality of UL transmissions from NB-IoT UEs. 
The typical traffic models assumed for Rel-13 NB-IoT do not necessitate support of CSI feedback, especially considering that:
· such CSI computations would potentially incur significant UE power consumption due to long measurement durations,
· additional device complexity (e.g., buffering requirements, support of possibly additional channel coding and resource allocation schemes, handling of new measurements, etc.);
· the accuracy of such feedback in poor coverage conditions is doubtful (implicit indication via NB-PRACH resource selection may be more reliable and efficient than inaccurate RSRP values); and 
· the additional specification efforts at this late stage of the WI;
all without clear benefits. 

	LG
	We prefer not to support aperiodic CSI. If supported, only for low repetition UEs are supported, and it will not be piggybacked with PUSCH. 

	
	



2. If aperiodic CSI is supported, what value should be reported? Some potential candidates are CQI, RSRP, coverage level, etc. Please share your views.
	Company
	Inputs

	Intel
	Not applicable since no aperiodic CSI support

	LG
	Aperiodic CQI if supported



3. If aperiodic CSI is supported, how to trigger aperiodic CSI?
· Option A: UL grant triggers aperiodic CSI
· Option B: DL grant triggers aperiodic CSI which can also include time/frequency resource for CSI transmission
	Company
	Inputs

	Intel
	Not applicable since no aperiodic CSI support

	LG
	Option B if supported

	
	



4.  If aperiodic CSI is supported, how to transmit aperiodic CSI?
A. Option A: Piggybacking on PUSCH –puncturing on PUSCH is used (assume UL grant triggers aperiodic CSI). Please share the details of PUSCH puncturing mechanism (e.g., which OFDM symbol to puncture, how to place feedback value, etc)
B. Option B: CSI is transmitted on PUSCH structure without any data transmission.  
	Company
	Inputs

	Intel
	Not applicable since no aperiodic CSI support

	LG
	Option B if supported



5. If aperiodic CSI is supported, what would be the coding scheme to use (e.g., RM or repetition or turbo coding)?
	Company
	Inputs

	Intel
	Not applicable since no aperiodic CSI support

	LG
	Same to PUSCH with data

	
	



6. Transmission channel design of only 1 bit A/N via PUSCH structure with the following changes. Please share your views on the proposal and alternatives. Note that other aspects of PUSCH structure not mentioned here are reused. 
· No CRC
· Repetition coding is used
· Single tone only or not:
i. Alt 1. Only single tone based transmission;
ii. Alt 2. Single tone based transmission is supported. Multi tone transmission is also supported.
· Resource unit size:
i. Alt 1. The same resource unit size of PUSCH with data is used 
ii. Alt 2. Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used
· DMRS density:
i. Use the same density as PUSCH;
ii. Increase the DMRS density compared with PUSCH;
	Company
	Inputs

	Intel
	Our preference:
· No CRC
· Repetition coding is used
· Single-tone only; consider multi-tone especially if the resource unit size for single-tone is not reduced
· Smaller resource unit size compared to NB-PUSCH with UL SCH.
· Same density as NB-PUSCH unless significant benefits are identified.


	LG
	We think single tone only is sufficient for A/N transmission. 2 msec/8msec resource unit size with 15/3.75 kHz carrier spacing. The density of DM-RS can be increased if performance gain is agreed. 

	
	



7. To determine time/frequency resource of A/N transmission, please share your preference.
A. Option A: DL grant indicates (full-set) frequency and time resource for A/N transmission
B. Option A1: DL grant indicates frequency offset and time offset for A/N transmission where baseline frequency and time location are semi-statically configured
C. Option B: DL grant indicates frequency resource for A/N transmission. Time resource is determined implicitly (either fixed or implicitly determined from scheduling window of A/N transmission)
	Company
	Inputs

	Intel
	Option A1. 
Specifically, 
· for the frequency domain resource allocation, the DL grant indicates the subcarrier to choose out of a subset of subcarriers configured by higher-layers;
· for the time domain resource allocation, the DL grant indicates either the delay from the end of the NB-PDSCH (or from 12ms after the end of the NB-PDSCH) to the start of the A/N transmission
· Further, if better packing of different UEs’ A/N feedback is desired, then higher layer configuration can provide a (periodically occurring) set of candidate subframes that can be used for transmission of UL HARQ/ACK, and the DCI could point to the specific subframe from this set that occur at least 12ms after the end of the NB-PDSCH for the start of the A/N transmission.

	LG
	We are open to signal time offset as well if DL grant size has room to accommodate it. Otherwise, fixed timing based on implicit determination is preferred. 

	
	



8. For the proposal – “Repetition number for A/N transmission is semi-statically configured.” please share your views whether this is acceptable. 
	Company
	Inputs

	Intel
	Agree.

	LG
	It can be configured per coverage/repetition level of PRACH similar to eMTC

	
	



9. For the proposal – “A/N piggybacking on PUSCH is not supported.” please share your views whether this is acceptable. 
	Company
	Inputs

	Intel
	OK with the proposal.

	LG
	We consider piggybacking of A/N on PUSCH is not necessary. 

	
	



Conclusion & Proposals
During the discussion, the following topics are proposed for the focus, and some responses are captured. 
1.    Transmission channel design of only 1 bit A/N via PUSCH structure with the following changes: 
l   No CRC 
l   Repetition coding is used 
l   Only single tone based transmission is supported for ACK/NACK transmission; 
l   Resource unit size: Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used 
l   FFS: Increase the DMRS density compared with PUSCH for better ACK/NACK performance; 
HW&HISI: for the first two bullets I believe it should be common understanding. And hence I believe it should be agreeable. Regarding the third and fourth bullets, we think the single tone transmission is sufficient for only 1 bit ACK/NACK information. No need to introduce multi-tone transmission for ACK/NACK, which may complicate the scheduling and resource allocation on eNodeB. So hope companies can share your views whether we can agree on single tone only transmission for 1-bit ACK/NACK transmission. 
Panasonic: We support the proposals. 
Fujitsu: We think that multi tone based transmission should be also supported for ACK/NACK transmission. We don’t see any advantage for this limitation. 
ZTE: We support the proposals. From the simulation result, we think DMRS density same as that of PUSCH is enough. 
Intel: Similar view as ZTE: we are fine with the proposals above, and for DM-RS density, we think same density as NB-PUSCH carrying UL SCH should be baseline. 
Sony: We are ok with the proposals.
MediaTek: We are OK with repetition code considering the limited time in Rel-13, although we think sequence based may provide a better performance. It’s OK to put single tone as working assumption because we need to check about uplink power control.  For 1-bit ACK/NACK, 2 ms for 15kHz may be sufficient. Based on our simulation, increasing DMRS density can help to improve performance, so that we suggest to improve DMRS density to 3/7 as LTE PUCCH. 
[Ericsson] We share the same view as Fujitsu that multi-tone based transmission should also be supported for ACK/NACK transmission. 
[Nokia, ALU, ASB] We are fine with the proposals. 


2.     Repetition number for A/N transmission is semi-statically configured. 
HW&HISI: The repetition number can be semi-statically configured or be figured out according to the MCS/repetition combination of associated NB-PDSCH. To reduce the RRC signaling overhead, the latter one may be better but it may need to define mapping between MCS/repetition of PDSCH to uplink ACK/NACK repetition number. For sake of the standard progress, we are fine with the proposal to semi-statically configure it. 
Panasonic: We support the proposal. 
Fujitsu: We support this proposal. 
ZTE: We support the proposal. 
Intel: Support the proposal. 
Sony: Is the semi-static configuration a single repetition number or a set of repetition numbers and DCI indicates one of them?  I do share HW’s view that it should be based on the repetition of the associated NB-PDSCH.  However, we are ok with semi-static configuration in general. 
MediaTek: OK. 
[Ericsson] The proposal is incomplete as it is unclear what repetition number should be used before RRC message carrying the ACK/NACK repetition # is received. 
[Nokia, ALU, ASB] We are fine with the proposal. 

3.     To determine time/frequency resource of A/N transmission, please share your preference. 
ü   Option A1: DL grant indicates frequency offset and time offset for A/N transmission where baseline frequency and time location are semi-statically configured 
ü   Option B: DL grant indicates frequency resource for A/N transmission. Time resource is determined implicitly (either fixed or implicitly determined from scheduling window of A/N transmission) 
HW&HISI: In the document previously sent by Yunjung, there are three options. HW prefers A1. Because we think it is important to keep the scheduling flexibility of the NB-PUSCH in both time domain and frequency domain. So it is suggested not to use pure implicit indication in either time domain or frequency domain. Explicit indication over some reference resources that are derived from implicit calculation/pre-configuration is believed to be the correct direction to balance the flexibility and DCI overhead. However we see some proposals for Option B, so my proposal here is firstly to narrow down to Option A1 and Option B and move forward. 
Panasonic) On the transmission timing of Ack/Nack, we see following two approaches have the pros/cons. 
- The first approach is Ack/Nack is transmitted just after decoding time of PDSCH. This allows to minimize the latency and increase the throughput. On the other hand, different UE's Ack/Nack transmission timing could be mis-aligned and more difficult to multiplex (multi-carrier) PUSCH  for data and Ack/Nack transmission in the same PRB. 
- The second approach is Ack/Nack is transmitted at some fixed position. Then different UE's ACK/NACK can be FDMed in the same timing and packing efficiency is improved. On the other hand, UE's ACK/NACK is transmission is delayed and throughput is reduced. 
We think following could be something possible design to use the merit of two approaches and could be good compromise of above option A and B. 

- DCI has 3 bits to indicate Ack/Nack transmission timing and frequency offset. 
- If this field is 0 to 3, the starting of ACK/NACK is t1 subframe later after the end of PDSCH repetition. 
- If this field is 4 to 7, the starting of ACK/NACK is t1 + t2 subframe later after the start of the search space. t2 is semi-static configuration and the network has the responsibility that it's value is larger than Rmax of NBPDCCH + maximum number of PDSCH repetition. 
- The default frequency resource is determined by RNTI as to determine based on ECCE would not work well. 
- If this field is 0 or 4, the frequency position is same as the default. 
- If this field is 1 or 5, the frequency position is default +1 . 
- If this field is 2 or 6, the frequency position is default +2. 
- If this field is 3 or 7, the frequency position is default -1. 


Fujitsu: We can support Option A1, but We prefer Option A in your original document because of flexibility of choice of radio resource. 

ZTE: DL grant indicates frequency resource and time offset for A/N transmission. Frequency resources for A/N transmission can be configured by high layer signaling and indicated by DCI. 

Intel:     We prefer Option A1. 
Specifically, for the frequency domain resource allocation, the DL grant indicates the subcarrier to choose out of a subset of subcarriers configured by higher-layers, while for the time domain resource allocation, the DL grant indicates either the delay from the end of the NB-PDSCH (or from 12ms after the end of the NB-PDSCH) to the start of the A/N transmission. 
Further, if better packing of different UEs’ A/N feedback is desired, then higher layer configuration can provide a (periodically occurring) set of candidate subframes that can be used for transmission of UL HARQ/ACK, and the DCI could point to the specific subframe from this set that occur at least 12ms after the end of the NB-PDSCH for the start of the A/N transmission. 
Sony: Since the ACK/NACK is essentially a NB-PUSCH, we would believe that the scheduling is also consistent with NB-PUSCH, i.e. the grant indicates all the resources freq & time (i.e. original Option A in the document).  If original Option A is no longer an option, we can compromise on this Option A1. 

MediaTek: There are about 5 bits different between DL and UL. So that we think both time domain and frequency domain offset can be indicated in DCI. 
[Ericsson] We prefer a compromised solution between Option A1 and Option B. 
·         DL grant indicates frequency offset and time offset for A/N transmission, where the reference time and frequency location are fixed or implicitly derived. 
o   The reference time location is a fixed timing distance from the end of PDSCH. 
o   The reference frequency location is implicitly derived from MPDCCH location in the search space. 
[Nokia, ALU, ASB] We prefer fix timing for ACK/NACK based on the end of the NB-PDSCH. As for frequency selection, we prefer that a set of subcarriers are configured for ACK/NACK transmission and one of those subcarriers is explicitly indicated via DCI. So we prefer Option B. 

Based on the inputs, the followings are agreed. 
·  Transmission channel design of only 1 bit A/N via PUSCH structure with the following changes: 
· No CRC
· Repetition coding is used 
· Resource unit size: Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used 
· Frequency offset for A/N transmission resource is dynamically indicated by DL grant 
· FFS whether time resource of A/N transmission is also indicated by DL grant or implicitly determined. 
The followings are proposed to agree this meeting 
· Repetition number for A/N transmission is semi-statically configured.
· FFS on the details of semi-static configuration (e.g., via SIB, UE-specific vs coverage-level specific)
· Frequency offset of A/N transmission resource 
· No additional RRC signaling is assumed to support this
· A/N transmission subcarrier spacing is same to the subcarrier spacing configured for PUSCH when single tone transmission is used for A/N transmission
· The size of resource unit for A/N transmission is 2 msec for 15 kHz single tone and 8 msec for 3.75 kHz single tone transmission

The followings are discussed further
· A/N piggybacking on PUSCH
· Alt 1: not supported
· Alt 2: supported with special DCI handling
· Aperiodic CSI
· Alt 1: not supported
· Alt 2: supported
· FFS details if supported
· Time resource of A/N transmission
· Alt 1: Only implicit
· Alt 2: Partially signaled by DL grant
· Support of multi-tone transmission for A/N transmission
· Alt 1: support multi-tone 
· FFS how to associate/determine multitoned or single tone for A/N transmission 
· [bookmark: _GoBack]Alt 2: not support multi-tone
