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Background 
For Rel-13 eTMC there are several cases in which different channels may collide with each other. The reasons can be either due to half-duplex FDD operation or due to repetition where different transmissions overlap. During Rel-13 it was discussed how to handle these cases where one of them was collision between PUCCH and PUSCH. This was captured under a RAN1 agreement which says – 
RAN1#84 agreement:
· A UE drops PUSCH transmissions in the subframes that collide with the PUCCH (for HARQ-ACK or SR or CQI) transmitted by the UE.


However, this agreement was a consequence of open issues from a WF [1] on how to handle PUCCH repetitions which overlap with PUSCH repetitions:
 · 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

Eventually, the agreement was wrongly captured in TS 36.213 as - 
For a BL/CE UE, in case of collision between a UCI and a PUSCH transmission in a same subframe, the PUSCH transmission is dropped.
Which means that UCI and PUSCH cannot be sent together, regardless the case is with or without repetitions. In this contribution we discuss this issue and suggest a TP for TS 36.213   
Discussion
The above agreement was the result of a discussion related to a case when either/both PUCCH and PUSCH are sent with repetitions and overlap. An example for this situation is illustrated in Figure 1 for HD-FDD UE where UL grant is received on MPDCCH and indicates a PUSCH allocation that begins at SF#5 with R=4 repetitions.  In parallel to receiving UL grant, UE also receives DL data on which UE will send HARQ feedback also at SF#5. 
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[bookmark: _Ref449972918]Figure 1 - Example of PUCCH-PUSCH collision with repetitions
In this case, both HARQ feedback to be transmitted on PUCCH and data on PUSCH are sent with repetitions (though number of repetitions may be different). The agreement says that PUSCH is dropped and only PUCCH is transmitted. A similar problem occur also when timing reference is difference between starting of HARQ feedback and starting of UL data in PUSCH, as shown in Figure 2.  
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[bookmark: _Ref449972932]Figure 2 - Example of PUCCH-PUSCH collision with repetitions and different timing reference
The agreed solution was that UE drops PUSCH transmission in case of collision with PUCCH. This was to have a simple solution considering that most often number of PUCCH repetition is different than number of PUSCH repetitions or their starting point is different, and UCI multiplexing in PUSCH is not straightforward. 
On the other hand, the common understanding was that in CE mode A when no repetitions are needed for a PUCCH or PUSCH, no reason to change legacy behavior – that is, UCI is multiplexed in PUSCH as seen in Figure 3.
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Figure 3 - Example of PUCCH-PUSCH collision without repetitions. UCI is multiplexed in PUSCH
Though the examples above illustrate the case for HARQ feedback, it goes the same for UCI in general when no repetitions are needed for PUSCH. 
One drawback with not ensuring that legacy behavior is kept is that DL data and UL grant cannot be sent simultaneously to the UE. When both UL and DL traffic takes place (and not trying just to optimize DL or UL separately) the achievable data rates as shown in Table 1 are negatively impacted. In addition, eNB scheduling opportunities are more limited  
[bookmark: _Ref449973006]Table 1 - comparison of achievable a simultaneous DL/UL peak data-rates depending on whether UCI is multiplexed in PUSCH or not, R=1 (no repetitions), HD-FDD
	
	DL peak data-rate
	UL peak data-rate

	 w/ UCI multiplexed in PUSCH
	300 kbps
	375 kbps

	w/o UCI multiplexed in PUSCH
pattern A
	125 kbps (-58%)
	250 kbps (-33%)

	w/o UCI multiplexed in PUSCH
pattern B
	[bookmark: _GoBack]222 kbps (-26%)
	111 kbps (-70%)



Observation: in case UCI is not multiplexed in PUSCH, DL and UL peak data-rates drops significantly compared to when UCI is multiplexed in PUSCH.   
Considering the importance of data rate and scheduling opportunities for eMTC, we suggest the following - 
Proposal: correct the text in TS 36.213 as suggested in Appendix 


Appendix

[bookmark: _Toc415085517]---------------------------------------------Start of Text Proposal ---------------------------------------------------
10.1.1	PUCCH format information
Using the PUCCH formats defined in subclause 5.4.1 and 5.4.2 in [3], the following combinations of UCI on PUCCH are supported:
…
For a BL/CE UE, in case of collision between a UCI and a PUSCH transmission in a same subframe and when the number of PUSCH repetitions is larger than 1 as indicated by the repetition number field in the corresponding DCI, the PUSCH transmission is dropped. 
For a BL/CE UE, in case of collision between at least one physical resource block to be used for transmission of UCI on PUCCH (defined in [3]) and physical resource blocks corresponding to configured PRACH resources for BL/CE UEs or non-BL/CE UEs (defined in [3]) in a same subframe, the UCI is dropped.
…
---------------------------------------------Start of Text Proposal ---------------------------------------------------

References 
[1] R1-156237		WF on PUSCH / PUCCH collision handling	Qualcomm, Sony, Intel, Samsung, Lenovo, InterDigital, Ericsson, Huawei, HiSi




