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1. Introduction
In RAN#84 an agreement regarding uplink narrowband retuning was reached as follows:
Agreement:
· For CE Mode B, the guard period is created by puncturing the affected SC-FDMA symbol(s) of PUSCH.
· For CE Mode A, the guard period is created by rate matching PUSCH around the affected SC-FDMA symbol(s).
This agreement creates some undesirable effects in the system regarding performance and complexity. In short, the main issues are:
· Performance degradation due to misalignment between UE and eNB in terms of rate matching.
· Increased UE complexity due to timeline reduction (from N+4 to N+3).
In the remaining part of the contribution we describe with more detail each of these issues.

2. Error due do misalignment between UE and eNB
The rate matching behaviour introduced by the agreement above may create misalignment between UE and eNB: the UE has to decide to rate match (or not) in subframe N depending on the presence of another uplink transmission in a different narrowband in subframe N-1 and/or N+1. These uplink transmissions may come from different grants, so if the UE is not able to decode one of them, then the rate matching assumption would be different between UE and eNB. In Figure 1 we show an example of the different PUSCH rate matching behaviour for different missing grants. The eNB is expecting the UE to transmit in three consecutive subframes, so the data in the second subframe has to be rate matched around the first and last OFDM symbols due to retuning. Depending on the successful decoding of the grants, we may have the following possibilities:
· If all grants are received successfully, the UE rate matches around the first and last symbol.
· If the first grant is missed, the UE rate matches around the last symbol only.
· If the last grant is missed, the UE rate matches around the first symbol only.
· If both first and last grants are missed, the UE does not perform any rate matching.
Thus, in all cases except the first one the eNB and UE will have different assumptions about rate matching and will not be able to decode the PUSCH correctly.



[bookmark: _Ref447204303]Figure 1 Rate matching behaviour for different error cases (the X means a grant not successfully decoded, and the shaded area indicates rate matching). There are up to 4 different possibilities for rate matching.

Observation 1: The dependency between different grants introduced by the rate matching behaviour causes errors due to misalignment between UE and eNB.

3. Increased UE complexity and timeline reduction
The dependency between different PUSCH grants introduced by rate matching also affects the timeline of the UE. In the example below, when the UE is preparing the PUSCH for subframe N (received in a DCI in subframe N-4), it needs to know if there is any other PUSCH transmission in subframe N+1 (received in subframe N-3) to perform the rate matching. Thus, the UE needs to decode the MPDCCH in subframe N-3 to prepare the PUSCH (rate matching, scrambling, RE mapping) in subframe N, reducing the timeline from 4 subframes to 3 subframes. In Figure 2 we show an example of the dependency between PUSCH and non-associated MPDCCH.



[bookmark: _Ref447208851]Figure 2 Dependency between grants. The rate matching behaviour of PUSCH in subframe 4 depends on the presence of another PUSCH in subframe 5.

Observation 2: The dependency between different grants introduced by the rate matching behaviour reduces the UE timeline from N+4 to N+3.

In view of the issues above, we propose to change the retuning behaviour as follows:

Proposal 1: For CE Mode A, the guard period for PUSCH narrowband retuning is created by puncturing the affected SC-FDMA symbol(s).

In the appendix we provide the changes to 36.211 that capture this proposal.

4. Summary
In this contribution we presented our views on puncturing vs rate matching of PUSCH for narrowband retuning as follows:
Observation 1: The dependency between different grants introduced by the rate matching behaviour causes errors due to misalignment between UE and eNB.
Observation 2: The dependency between different grants introduced by the rate matching behaviour reduces the UE timeline from N+4 to N+3.
Proposal 1: For CE Mode A, the guard period for PUSCH narrowband retuning is created by puncturing the affected SC-FDMA symbol(s).

Appendix (changes to 36.211)

[bookmark: _Toc439749882]5.3.4	Mapping to physical resources









For each antenna port  used for transmission of the PUSCH in a subframe the block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in clause 5.1.1.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with  to physical resource blocks on antenna port  and assigned for transmission of PUSCH. The relation between the index  and the antenna port number  is given by Table 5.2.1-1. The mapping to resource elements  corresponding to the physical resource blocks assigned for transmission and 
-	not used for transmission of reference signals, and
-	not part of the last SC-FDMA symbol in a subframe, if the UE transmits SRS in the same subframe in the same serving cell, and
-	not part of the last SC-FDMA symbol in a subframe configured with cell-specific SRS for non-BL/CE UEs and BL/CE UEs in CEModeA, if the PUSCH transmission partly or fully overlaps with the cell-specific SRS bandwidth, and
-	not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific aperiodic SRS subframe in the same serving cell, and
-	not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific periodic SRS subframe in the same serving cell when the UE is configured with multiple TAGs, and
-	not part of an SC-FDMA symbol left empty for guard period for narrowband retuning for BL/CE UEs in CEModeA


shall be in increasing order of first the index , then the index, starting with the first slot in the subframe.
For BL/CE UEs in CEModeB, resource elements in the last SC-FDMA symbol in a subframe configured with cell-specific SRS shall be counted in the PUSCH mapping but not used for transmission of the PUSCH.
For BL/CE UEs in CEModeB, if one or more SC-FDMA symbol(s) are left empty due to guard period for narrowband retuning, the affected SC-FDMA symbol(s) shall be counted in the PUSCH mapping but not used for transmission of the PUSCH.
-------------------------------------------------------- Omitted -----------------------------------------------------
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