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Introduction
In this contribution we consider the multiplexing between Rank indication (RI) and Scheduling request (SR).

There have been no discussions in 3GPP about the simultaneous transmission of SR and RI.  So far the SR decisions made in 3GPP RAN1 cover only the case where SR is transmitted either standalone or multiplexed with ACK/NACK and/or CQI.  The agreement in 3GPP is that [1]: 
Regarding to transmission format of RI, it has been decided that the following PUCCH formats are used when RI is signalled on PUCCH:

•
Format 2 is used when CQI/PMI or RI report is not multiplexed with ACK/NAK 

•
Format 2a/2b is used when CQI/PMI or RI report is multiplexed with ACK/NAK for short CP

•
Format 2 is used when CQI/PMI or RI report is multiplexed with ACK/NAK for long CP

Format 2 is a signalling scheme defined in TS 36.211, Section 5.4.2. Signalling is based on QPSK modulation of the existing DM RS sequences of length 1 PRB. There are in total 5 data blocks available/slot. Therefore the number of uncoded bits/subframe equals to 20. 

1. Multiplexing between SR and RI
This section summarizes the proposed formats and identifies the main problems related to each proposal. The main alternatives are:
1. RI and SR are scheduled into different sub-frames 

Drawback is the increased PUCCH resource consumption

2. The SR is jointly coded with RI
   Problem of this approach is the performance loss compared to RI only transmission
3. RI  is dropped in the case when it collides with  positive SR (Similarity than CQI+SR)
Drawback is that the impact of dropping RI is more severe compared to CQI (due to the fact that RI is signalled less often). This would in fact make the CQI/PMI reports following the dropped RI useless or at least more unreliable due to unknown RI.

In order to avoid the performance degradation, we are of the opinion that the exact transport format selection should be made between Option 1 and Option 2. 
It is natural to support option 1, as that way the coverage of both SR and RI can be maximized. However, in most of the cases, when the coverage is not and issue, supporting the possibility to transmit both SR and RI in a single PUCCH subframe is very attractive.

The benefit of Option 2 over Option 1 is smaller PUCCH overhead.  Since both SR and RI are periodical resources assigned from higher layers, and the required periodicity for the both is roughly the same, it would often make sense to signal RI together with SR.  The drawback is additional cost of signaling SR with RI. The extra bit required for signaling the SR will slightly impact the coverage of RI.

Figure 1 shows the principle of Option 2. The scheme can be used with both normal and extended CP. In this scheme RI and SR are multiplexed before the encoder. An additional bit (Nsr=1) is included at the input of Rank encoder. Total number of bits after multiplexing Rank and SR (Nr+Nsr) equals to 2 or 3 as shown in Table 1. 
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Figure 1. Principle of multiplexing Rank and SR in the case of normal CP
Table 1 Coding options for normal CP

	# of RANK Bits
	RANK only
	RANK + SR

	1
	 (20,1)
	(20,2)

	2
	 (20,2)
	(20,3)


3.   Performance evaluation

In Figure 2  and Figure 3 the performance of joint RANK and SR transmission is compared to RI transmission only. Simulation assumptions are aligned with 3GPP assumptions.  Results show that the cost of including SR into 1-bit and 2-bit RI is 1.5 dB and 0.5 dB, respectively.
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Figure 2 The performance comparison between joint 2-bit RI + SR, and RI only. TU channel 3 km/h, 5 MHz BW, normal CP
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Figure 3 The performance comparison between joint 1-bit RI + SR, and RI only transmission. TU channel, 3 km/h, 5 MHz BW, normal CP
4.   Discussion 
As discussed above, in order to optimize the coverage of RI, the separate transmission of RI and SR is necessary. However, in the typical case when the minor coverage degradation due to SR (0.5 – 1.5 dB) is not a concern, simultaneous transmission of RI and SR becomes highly attractive.
We see several clear benefits from transmitting SR and RI in same sub-frame
· Improved SR efficiency: number of periodic SR resources needed on PUCCH decreases as some of the SRs can be signalled with RI. 
· The multiplexing of SR and RI is beneficial also from the interference and UE power consumption point of view as the need to transmit on PUCCH is minimized. For the UEs reporting RI it makes often sense to configure the SR and RI reporting so that they occur in the same subframe, allowing for optimized DRX/DTX patterns etc. 
· The proposed schemes does not change any working assumptions related to multiplexing between RI and ACK/NACK.
Three possible configurations for RI and SR are shown in Figure 4.  In the uppermost plot RI and SR are configured so that their transmission occurs in different subframes, maximizing the coverage for both. The option in the center shows a configuration where SR and RI are sometimes sent together. Finally, in the lowermost part of the Figure 5 the transmission parameters of SR and RI are set to be the same, minimizing the usage of PUCCH and hence also interference and UE power consumption. 
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Figure 4 Three possible configurations of SR and RI. The lowermost option takes full advantage of simultaneous transmission of SR and RI.
5.   Conclusion
This contribution discussed multiplexing between SR and RI. Taking into account pros and cons related to different approaches, we prose that:

· In order to minimize the PUCCH overhead, the eNodeB has the possibility to configure SR and RI reporting (periodicity and offset)  so that they are transmitted in the same subframe 

· RI and SR are then jointly coded in the same sub-frame 

· In order to guarantee coverage, it should be also possible for the eNodeB to configure e.g. the cell edge UEs, the RI reporting (periodicity and offset) in such that simultaneous transmissoin of RI and SR is not supported
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