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1 Introduction
In RAN1#80bis meeting [1], the following agreements were made for UCI transmission:

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

· ACK/NACK and SR over PUCCH is supported.
· Periodic CSI feedback over PUCCH is supported
· FFS on details
· For UEs operating in enhanced coverage, at least when PUCCH resource is configured, 
· HARQ-ACK and SR over PUCCH is supported
· FFS: Whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted
In this contribution, we analyze the remaining issues on UCI transmission for Rel-13 low complexity UEs.
2 Discussion

2.1 UCI transmission on PUCCH
For Rel-13 low complexity UEs in normal coverage, HARQ-ACK/SR/CSI transmissions can follow the existing design in previous releases. 
For Rel-13 low complexity UEs in enhanced coverage, HARQ-ACK repetition can follow the existing HARQ-ACK repetition mechanism defined in previous releases with an extension of current repetition factor to support more repetition times. Semi-static PUCCH resource shall be always used for HARQ-ACK repetition, to avoid the collision between different UE. 
It should be noticed that the HARQ-ACK codebook size will change during the overlapped portion, as shown in Figure 1, which may affect the HARQ-ACK combination since different codebook may have different transmission performance. Hence, network shall make sure that the transmission of HARQ-ACK repetition corresponding to one DL-SCH will not start before the ongoing transmission of HARQ-ACK repetition corresponding to another DL-SCH; or if such scheduling occurs, UE shall not feed back HARQ-ACK corresponding to second DL-SCH until the ongoing HARQ-ACK repetition corresponding to the first DL-SCH is finished; or UE treats this as an error case and does not anymore feed back HARQ-ACK corresponding to second DL-SCH. In addition, there may be only one DL transmission occupying 6RBs, which means PUCCH format 1a/1b may be enough for HARQ-ACK repetition transmission.
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Figure 1: Overlapping of repetition times of the HARQ-ACK corresponding to different DL-SCHs
For Rel-13 low complexity UEs in enhanced coverage, SR repetition can largely follow the existing HARQ-ACK repetition mechanism defined in previous releases on the pre-configured SR PUCCH resource by introducing a new repetition factor. Since SR transmission instances are configured with SR periodicity and subframe offset and a UE is triggered by UE MAC to transmit SR in a certain SR transmission instance in previous release, the eNB cannot know in which SR instances SR is transmitted. Hence, starting subframe for SR repetition shall be pre-defined to avoid ambiguity of the subframe set for SR repetition between UE and eNB, as shown in Figure 2. One simple way to define the starting subframe is to use the function of periodicity, subframe offset and the repetition time pre-configured for SR. 

[image: image2.emf]…… n1 n2 …… n3 n4

Starting 

subframe

SR repetition window

Starting 

subframe

SR repetition window


Figure 2: Repetition window for SR transmission
In addition, there are three methods for define the subframe set for SR repetition as follows:
· Option 1: SR repetition is only transmitted in the SR transmission instances
· Option 2: SR repetition is transmitted in continuous UL subframes from the starting subframe
· Option 3: SR repetition is transmitted in a pre-defined subframe set
Compared these three methods, option 1 is simplest without additional specification complexity while the SR repetition may require a long period; option 2 can reduce the SR repetition period while requires additional specification definition for continuous transmission; option 3 likes a trade-off between option 1 and 2, however, it requires more specification complexity. Considering that there are varying SR periodicity from 1ms to 80ms can be configured in current specification, both option 2 and option 3 can be achieved to some extent by configuring a proper SR periodicity and subframe offset. Thus, we prefer option 1 for SR repetition.
Hence, we have the following proposals:

Proposal 1: The existing HARQ-ACK/SR/CSI transmission schemes can be largely reused for HARQ-ACK/SR/CSI transmission for Rel-13 low complexity UEs in normal coverage.

Proposal 2: The existing HARQ-ACK repetition schemes can be largely reused for HARQ-ACK or SR repetition for Rel-13 low complexity UEs in enhanced coverage, and semi-static PUCCH resource is used for HARQ-ACK repetition.

Proposal 3: SR repetition shall only occur in SR transmission instances according to the SR periodicity and SR subframe offset configured by higher layer in current specification, and the starting subframe of SR repetition shall be defined according to the SR periodicity, SR subframe offset and SR repetition times. 
2.2 HARQ-ACK and SR collision on PUCCH

For Rel-13 low complexity UEs in enhanced coverage, both HARQ-ACK repetition and SR repetition on PUCCH are required to achieve the target coverage. Taken HARQ-ACK using PUCCH format 1a/1b as example, if follow the existing HARQ-ACK and SR concurrent transmission mechanism, the transmission of ongoing HARQ-ACK repetition may be shifted from HARQ-ACK PUCCH resource to SR PUCCH resource when there is SR repetition during the HARQ-ACK repetition period, and SR repetition may be divided into two periods with implicit SR transmission together with HARQ-ACK and explicit single SR transmission, as shown in Figure 3. It should be noted that both the combination of HARQ-ACK and SR within the respective repetition period will be affected in the case in Figure 3. 
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Figure 3：Collision of HARQ-ACK repetition and SR repetition
Therefore, concurrent transmission of HARQ-ACK and SR shall not be supported in enhanced coverage, and the following rules can be considered to define the operation when HARQ-ACK and SR happen to occur in the same subframe.
· Rule 1: HARQ-ACK is selected to be transmitted and SR is dropped
· Rule 2: SR is selected to be transmitted and HARQ-ACK is dropped
· Rule 3: ACK is selected to be transmitted if exists, otherwise, SR is selected to be transmitted
· Rule 4:  ACK is selected to be transmitted if exists, otherwise, the ongoing signal is selected to be transmitted
· Rule 5: The ongoing signal is selected to be transmitted 
For Rule 1, when DTX is caused by DL-SCH repetition missing at UE side while HARQ-ACK (ACK or NACK) is detected at eNB side, HARQ-ACK (both ACK and NACK) false alarm will affect SR detection. However, considering that the probability of DTX caused by DL-SCH missing is very small and the collision between HARQ-ACK repetition and SR repetition may be not very often, the impact of HARQ-ACK false alarm on SR is negligible. 
For Rule 2, when SR is not triggered in the SR repetition instances at UE side while SR is detected at eNB side, SR false alarm will affect HARQ-ACK detection. Considering that positive SR may be triggered not often since UL traffic is not often, SR DTX may happen frequently at UE side, hence, the impact on HARQ-ACK may be not neglected. In addition, impact on HARQ-ACK will also bring impact on DL grant and DL-SCH repetition associated with the HARQ-ACK, which will reduce the system efficiency and vast much power.

For Rule 3, when DTX is caused by DL-SCH repetition missing at UE side while ACK is detected at eNB side, ACK false alarm will affect SR detection. Similar as Rule1, the probability of such case is very small and the impact of ACK false alarm on SR is negligible. In addition, when SR is not triggered in the SR repetition instances at UE side while SR is detected at eNB side, SR false alarm will affect NACK detection, since NACK has the lowest priority and NACK detection depends on the detection result of SR. However, the impact on NACK may be not a problem since DL grant and DL-SCH shall be retransmitted without ACK.
For Rule 4, when ACK/NACK is the ongoing signal, it equals to Rule 1, while when SR it the ongoing signal, it equals to Rule 3. 
For Rule 5, if HARQ-ACK is the ongoing repetition, the impact is similar as Rule1, and if SR is the ongoing repetition, the impact is similar as Rule. In addition, when the starting subframes of HARQ-ACK repetition and SR repetition are the same, complementary method shall be defined to select signal further.
Based on the analysis above, both Rule 2 and Rule 5 will bring in non-negligible impact on HARQ-ACK detection, which is not preferred considering system efficiency and power consumption. Although Rule 3 causes less impact on SR compared with Rule 1 since only ACK false alarm will affect SR detection, considering the low probability, the difference is negligible.  In addition, Rule 3 may require DTX detection both for HARQ-ACK and SR at eNB side, which may increase the probability of wrong detection especially when DTX detection has low accuracy in low SINR region. Rule 4 has the same demerit as Rule 3 and is more complex than other Rules. Hence, we slightly prefer Rule 1 for simplicity, and have the following proposal:

Proposal 4: Concurrent transmission of HARQ-ACK and SR shall not be supported in enhanced coverage, and HARQ-ACK has higher priority when collide with SR.
2.3 Concurrent transmission of PUCCH and PUSCH
Taking into account the implementation complexity and power consumption, concurrent transmission of PUCCH and PUSCH shall be not supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage. In addition, if PUCCH is located at the edges of the system bandwidth as shown in [2], PUCCH and PUSCH for the same MTC UE may not be located in the same narrowband, which cannot support concurrent transmission of PUCCH and PUSCH from the RF perspective as well.
Hence, we have the following proposal:

Proposal 5: Concurrent transmission of PUCCH and PUSCH shall be not supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
2.4 HARQ-ACK on PUSCH
For Rel-13 low complexity UEs in enhanced coverage, assuming that concurrent transmission of PUCCH and PUSCH is not supported, if HARQ-ACK is allowed to be transmitted on PUSCH, the transmission of ongoing HARQ-ACK repetition may be shifted from PUCCH to PUSCH when there is PUSCH scheduled during the HARQ-ACK repetition period, as shown in Figure 4, or, when there is HARQ-ACK to be fed back during the ongoing PUSCH repetition, part of PUSCH transmissions will be punctured by HARQ-ACK on PUSCH since the repetition of DL HARQ-ACK and PUSCH are hard to be aligned in time, as shown in Figure 5. It should be noticed that both the combination of HARQ-ACK and PUSCH will be affected in the cases in Figure 4 and 5. To avoid such influence, network shall avoid scheduling PUSCH during the ongoing HARQ-ACK repetition and avoid scheduling DL-SCH which requires HARQ-ACK feedback during the ongoing PUSCH repetition, as shown in Figure 6 and 7. So, DL HARQ-ACK will not be transmitted during the PUSCH repetition period, which is equal to not support HARQ-ACK on PUSCH. This will also remove the HARQ-ACK DTX detection operation on PUSCH which is considered to be more difficult in enhanced coverage with low SINR.
For Rel-13 low complexity UEs in normal coverage, design for HARQ-ACK on PUSCH can either reuse the existing design in previous release or can be aligned with the design in enhanced coverage.
Hence, we have the following proposal:

Proposal 6: HARQ-ACK on PUSCH shall be not supported at least for Rel-13 low complexity UEs in enhanced coverage.
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Figure 4: Ongoing HARQ-ACK repetition collision with PUSCH repetition
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Figure 5: Ongoing PUSCH repetition collision with HARQ-ACK repetition
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Figure 6: PUSCH is scheduled out of the ongoing repetition period of HARQ-ACK
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Figure 7: HARQ-ACK is transmitted out of the ongoing repetition period of PUSCH
3 Conclusions

Based on the analysis on UCI transmission for Rel-13 low complexity UEs, we have the following proposals:
Proposal 1: The existing HARQ-ACK/SR/CSI transmission schemes can be largely reused for HARQ-ACK/SR/CSI transmission for Rel-13 low complexity UEs in normal coverage.

Proposal 2: The existing HARQ-ACK repetition schemes can be largely reused for HARQ-ACK or SR repetition for Rel-13 low complexity UEs in enhanced coverage, and semi-static PUCCH resource is used for HARQ-ACK repetition.

Proposal 3: SR repetition shall only occur in SR transmission instances according to the SR periodicity and SR subframe offset configured by higher layer in current specification, and the starting subframe of SR repetition shall be defined according to the SR periodicity, SR subframe offset and SR repetition times. 

Proposal 4: Concurrent transmission of HARQ-ACK and SR shall not be supported in enhanced coverage, and HARQ-ACK has higher priority when collision with SR.
Proposal 5: Concurrent transmission of PUCCH and PUSCH shall be not supported for Rel-13 low complexity UEs in both normal coverage and enhanced coverage.
Proposal 6: HARQ-ACK on PUSCH shall be not supported at least for Rel-13 low complexity UEs in enhanced coverage.
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