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1 Introduction

Prioritizations among overlapping UL transmissions were briefly discussed during RAN1#83 without resulting to new specification agreements as the Rel-12 specifications were deemed to mostly be adequate. Nevertheless, some residual issues remain. Moreover, from RAN1#82bis, the following are FFS

· For the subframes where PUSCH repetition and PUCCH repetition overlaps, one option is selected:
· If full overlap:
· Option 1: ACK is multiplexed with PUSCH 
· Option 2: Drop PUSCH

· If partial overlap:
· Option 1: Drop PUSCH during overlap portion

· Option 2: Drop the later channel

· Option 3: ACK is multiplexed with PUSCH on overlapped subframes
This contribution considers remaining aspects for overlapping among UL transmissions.
2 Prioritizations of UL Transmissions
In most cases, it can be assumed that network implementation can avoid overlapping of UL transmissions. For MTC, this is reinforced by the typically latency tolerant nature of associated applications that provide an eNB scheduler with additional flexibility. Nevertheless, overlapping of UL transmissions can happen, for example due to false CRC check in MPDCCH blind decoding or possibly even by actual scheduling decisions.

When there are no repetitions, Rel-12 prioritizations can apply. Moreover, when there are PUSCH repetitions (more likely than PUCCH repetitions), Rel-12 behavior in case of PUSCH TTI bundling is to drop P-CSI. SRS has the lowest priority.  

Considering the FFS points from RAN1#82bis, in case of full overlap, the second option is preferable (PUSCH is dropped). This is the same as the Rel-12 behavior and the same reason remains applicable; namely HARQ-ACK is prioritized over data and, for a power limited UE requiring repetitions, HARQ-ACK link budget on PUSCH is at least 4 dB worse than HARQ-ACK link budget on PUCCH Format 1a. For the case of HARQ-ACK and SR collisions, considering that the likelihood of such event is low, the specification simplicity and that, for the same number or repetitions, HARQ-ACK BLER is worse when multiplexing with SR is allowed while a single configuration applies for the number of HARQ-ACK/SR repetitions, it is preferable to keep the Rel-12 UE behavior when PUCCH Format 1a is transmitted with repetitions (i.e. drop SR). Therefore, for full overlap of repetitions, the prioritization is HARQ-ACK>SR>PUSCH>P-CSI>SRS with the lesser prioritized transmission being dropped. Rel-12 specifications remain applicable. 
For partial overlap, multiplexing HARQ-ACK with PUSCH on overlapped subframes is not preferred as it complicates UE and, particularly, eNB operation and can degrade HARQ-ACK BLER. For example, if HARQ-ACK requires repetitions over 4 subframes on PUCCH and for 3 subframes HARQ-ACK is multiplexed on PUSCH, HARQ-ACK BLER will degrade by ~3 dB. Dropping the later channel is also not preferred as this does not account for prioritizations of UL information and, if the overlap is due to an actual scheduler decision, it should be the earlier channel that is dropped. Nevertheless, as the overall issue is not significant, simplicity if preferred and maintaining Rel-12 prioritizations of UL information types can still apply. Therefore, PUSCH is dropped in subframes where it overlaps with HARQ-ACK transmission, P-CSI is dropped in subframes it overlaps with PUSCH transmission, and SRS is dropped in subframes it overlaps with P-CSI transmission. 
SR prioritization can be treated in the same manner as HARQ-ACK prioritization and, following the Rel-12 procedure, HARQ-ACK is prioritized over SR and SR transmission is dropped in subframes where it overlaps with HARQ-ACK transmission. Similar, it is possible that a LC/CE UE receives a PDCCH order and PRACH transmission overlaps with another UL transmission.  In this case, similar to dual connectivity, PRACH transmission is prioritized.
In summary, Rel-12 specifications mostly suffice to describe the Rel-13 LC/CE UE behavior in case of overlapping among UL transmissions and avoid additional specifications for differentiation between full overlapping and partial overlapping. 

7.2.2
Periodic CSI Reporting using PUCCH

[…]

If parameter ttiBundling provided by higher layers is set to TRUE and if an UL-SCH in subframe bundling operation collides with a periodic CSI reporting instance, then the UE shall drop the periodic CSI report of a given PUCCH reporting type in that subframe and shall not multiplex the periodic CSI report payload in the PUSCH transmission in that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when UL-SCH subframe bundling is configured.
If a LC/CE UE transmits a PUSCH over more than one LC/CE uplink subframes and a periodic CSI reporting instance collides with the PUSCH transmission in any LC/CE uplink subframe from the one or more LC/CE uplink subframes, then the LC/CE UE shall drop the periodic CSI report of a given PUCCH reporting type in that LC/CE uplink subframe and shall not multiplex the periodic CSI report payload in the PUSCH transmission in that LC/CE uplink subframe.
[…]
10.1.5
 Scheduling Request (SR) procedure

[…]
For a LC/CE UE, the scheduling request shall be transmitted on the PUCCH resource(s) 
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 is configured by higher layers. The SR configuration for SR transmission periodicity [image: image4.wmf]PERIODICITY
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 given by higher layers. The SR transmission instances are 
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, the LC/CE UE shall not transmit PUSCH or periodic CSI in LC/CE uplink subframes where the LC/CE UE has SR transmission and the LC/CE UE shall not transmit SR in LC/CE uplink subframes where the LC/CE UE has HARQ-ACK response transmission or PRACH transmission.
[…]
10.2
Uplink HARQ-ACK timing

[…]

For FDD, a LC/CE UE shall upon detection of a PDSCH or of an MPDCCH indicating downlink SPS release intended for the LC/CE UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response using the same 
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 derived according to section 10.1.2.1 in LC/CE UL subframe(s) n+ki with i =0,1, …, N-1, where

· subframe n-4 is the last subframe in which the PDSCH or the MPDCCH indicating downlink SPS release is transmitted; and

· 0=k0<k1<…,kN-1 and the value of
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 is provided by higher layers ; and
· LC/CE UL subframe(s) n+ki with i=0,1,…,N-1 are N consecutive LC/CE UL subframe(s) immediately after subframe n-1, and the set of LC/CE UL subframes are configured by higher layers;
· the LC/CE UE shall drop the HARQ-ACK response transmission in LC/CE UL subframe n+ki if subframe n+ki is within a measurement gap
· the LC/CE UE shall drop the HARQ-ACK response transmission in subframe n+ki if the LC/CE UE has a PRACH transmission in LC/CE UL subframe n+ki;
· the LC/CE UE shall not transmit any other channel in LC/CE UL subframes n+ki; and 

· the LC/CE UE shall not transmit any other HARQ-ACK response repetitions that begin after LC/CE UL subframe n+k0 and before LC/CE UL subframe n+kN-1 +1.
[…]
For TDD, a LC/CE UE shall upon detection of a PDSCH or of an MPDCCH indicating downlink SPS release within subframe(s) [image: image14.wmf]k
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 is defined in Table 10.1.3.1-1 intended for the LC/CE UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response using the same 
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 derived according to section 10.1.3.1 in LC/CE UL subframe(s) n+ki with i =0,1, …, N-1, where

· subframe n-k is the last subframe in which the PDSCH is transmitted; and

· 0=k0<k1<…,kN-1 and the value of
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 is provided by higher layers; and
· subframe(s) n+ki with i=0,1,…,N-1 are N consecutive LC/CE UL subframe(s) immediately after subframe n-1, and the set of LC/CE UL subframes are configured by higher layers;
· the LC/CE UE shall drop the HARQ-ACK response transmission in LC/CE UL subframe n+ki if subframe n+ki is within a measurement gap;
· the LC/CE UE shall drop the HARQ-ACK response transmission in LC/CE UL subframe n+ki if the LC/CE UE has a PRACH transmission in LC/CE UL subframe n+ki;
· the LC/CE UE shall not transmit any other channel in LC/CE UL subframes n+ki; and 

· the LC/CE UE shall not transmit any other HARQ-ACK response repetitions that begin after LC/CE UL subframe n+k0 and before LC/CE UL subframe n+kN-1 +1.
3 Repetitions of UL Transmissions
For PUCCH, PRACH, and PUCCH Format 1a, the repetitions of a transmission are well defined (except for PUCCH Format 1a in response to Msg4) while SRS is transmitted without repetitions. For PUCCH Format 1 and PUCCH Format 2, the number of repetitions is not defined. Although there can be a rough association in the link budget difference between PUCCH Format 1a and PUCCH Format 2 or PUCCH Format 1 based on BLER curves, this is not sufficient as it restricts deployments (e.g. a first network may choose a different operating BLER value for HARQ-ACK or P-CSI or a probability of false alarm and detection for SR than a second network). Therefore, the corresponding repetition numbers should be configured. 

Proposal 1: Introduce UE-specific RRC configuration for the number of repetitions for P-CSI or SR transmission.

For HARQ-ACK in response to Msg4 detection, the number of repetitions can be indicated by SIB per CE level.

Proposal 2: Introduce cell-specific RRC configuration per coverage enhancement level for the number of repetitions for PUCCH Format 1a transmission in response to Msg4 detection. 

4 Conclusions

This contribution considered the prioritization among transmissions of UL signals/channels. It proposes that the Rel-12 UE behavior with respect to prioritizations of UL signaling types does not need to be modified and suggests associated specification text for TS 36.213. 
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