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1 Introduction

In RAN1#62bis, it was decided that the NodeB can configure a UE whether to perform simultaneous PUSCH and PUCCH transmissions (PUSCH + PUCCH). While the UE behavior is clear in case it transmits only HARQ-ACK or only CSI (and the UE behavior in case of joint SRI transmission in those cases is also already determined), the case of simultaneous HARQ-ACK, CSI, and data transmission has not been resolved and a large number of alternatives are currently being considered. 

This contribution provides an analysis for the tradeoffs of proposed alternatives to support simultaneous HARQ-ACK, CSI, and data transmissions and additionally considers other aspects related to the general concept of PUSCH + PUCCH (under the assumption it is configured to a UE). 
2 Support of Simultaneous HARQ-ACK, CSI, and Data
The alternatives for simultaneous HARQ-ACK, CSI, and data transmission can be classified into 2 main categories:

a) All control and data information is transmitted (no control information is lost)
a. HARQ-ACK always on PUCCH and CSI always on PUCCH (Alt. 3)

b. Both control and data information is transmitted in the PUSCH (as in Rel.8 – Alt.4)

c. NodeB configures which one of the UCI types (HARQ-ACK or CQI) is transmitted in the PUCCH and which one in the PUSCH (Alt. 5)

d. HARQ-ACK and CSI transmission on PUCCH is as in case of PUCCH only. If CSI is dropped, it is transmitted in the PUSCH (Alt. 6) 

b) HARQ-ACK is always transmitted in PUCCH and some or all CSI is dropped

a. All CSI is dropped (Alt. 2a)

b. All CSI is dropped in case of CA or, in case of non-CA, if PUCCH Format 2a/2b is not supported by the implementation (Alt. 2b)

c. Some CSI is dropped and the remaining CSI is multiplexed with HARQ-ACK depending on some rules (Alt. 2c)

d. Regardless of CA, if the NodeB supports HARQ-ACK and CSI multiplexing in PUCCH, both are transmitted in PUCCH; otherwise CSI is dropped (Alt. 2d)

e. With UL CA, HARQ-ACK on PUCCH and CSI is dropped; without UL CA, HARQ-ACK and CSI in PUSCH (Alt.7)  
c) As a sub-category for some of the alternatives, if HARQ-ACK consists of 1-2 bits and the NodeB supports PUCCH Format 2a/2b, it is used to multiplex HARQ-ACK and CSI as in Rel.8

Whether (some) CSI should be multiplexed with HARQ-ACK in case of CA is a separate issue that may be considered for PUCCH-only transmissions but such support is neither required nor desirable in case of PUSCH+PUCCH. 
Dropping CSI when HARQ-ACK is transmitted is always undesirable because it disrupts and complicates the NodeB scheduler operation. Changing the nature of CSI feedback (by dropping some or all CSI) in an unpredictable manner between successive reporting periods is undesirable (the NodeB cannot predict PDSCH scheduling decisions, and therefore cannot predict whether the associated HARQ-ACK feedback will collide with CSI feedback) and complicates the operation of the NodeB as it needs to combine/rely on CSI reports of different nature (as between successive reporting periods CSI may be dropped or a different CSI may be reported depending on the compression rules). 
For most TDD configurations where the number of UL sub-frames is limited, or in general for DL heavy applications where HARQ-ACK needs to be transmitted practically in every UL sub-frame during the DL data burst, HARQ-ACK and CSI transmissions in the same sub-frame cannot be avoided. With CA, this problem is further exacerbated due to “CSI cycling”. If PUCCH+PUSCH is not supported, the NodeB still has the capability to receive both HARQ-ACK and CSI by scheduling PUSCH. With the second category of the above alternatives, the NodeB will never be able to receive the nominal CSI it expects the UE to transmit. 
Proposal 1: Support of simultaneous PUSCH and PUCCH transmissions should not lead to loss of control information.

From the alternatives in the category supporting transmission of all control and data information, the down-selection should be guided by the sole motivation for introducing support of PUSCH+PUCCH, namely the utilization of available PUCCH resources and the minimization/avoidance of UCI overhead in the PUSCH in order to improve the spectral efficiency of the data transmission and minimize the impact of UCI multiplexing on the data QoS (as per RAN2 guidance and per the PUSCH power scaling rule in case of maximum power limitation with CA). 

Under the above criterion, Alt.4 (all UCI in PUSCH) can be immediately eliminated. Having a fixed rule in the specifications that HARQ-ACK is always transmitted in the PUCCH and CSI in the PUSCH (Alt.3), or that if CSI and HARQ-ACK cannot be multiplexed in the PUCCH then CSI is transmitted in the PUSCH (Alt.6) fails to consider that in many cases where the HARQ-ACK payload is small (e.g. 1-2 bits) and the CSI payload large (e.g. ~10 bits), overhead minimization in the PUSCH is achieved by multiplexing HARQ-ACK in the PUSCH (at least for non-power limited UEs). It is noted that this is semi-statically known to the NodeB. Therefore, allowing the implementation to choose which UCI type it prefers to transmit in the PUCCH and which in the PUSCH is preferred under the principle behind the introduction of PUSCH+PUCCH. 

For single-cell operation, as the specifications require the NodeB to implement DTX detection for PUCCH Formats conveying HARQ-ACK (e.g. to support HARQ-ACK and SRI multiplexing), Alt.3 and Alt.6 do not require the NodeB to perform any functionality beyond what is required by the specifications. Therefore, even if the UE misses the PDCCH generating the subsequent HARQ-ACK transmission and therefore the UE transmits CSI in the PUCCH instead of the PUSCH, the NodeB can be aware of this based on DTX detection of the respective HARQ-ACK PUCCH Format. This is already the case in Rel.8 if the implementation does not support PUCCH Format 2a/2b. 

For multi-cell operation, the specifications not only require the NodeB to implement DTX detection for PUCCH Formats conveying HARQ-ACK (e.g. to support dynamic fall-back to PUCCH Format 1a/1b in case PDSCH is received only in the primary cell in case of CA operation), but also to perform PUSCH DTX detection as regardless of the method chosen to select the PUSCH carrying the UCI (for a UE not supporting PUSCH+PUCCH), the NodeB needs to know if HARQ-ACK is multiplexed in the expected PUSCH or (due to a PDCCH miss) in another PUSCH. Then, for a NodeB capable of supporting CA, no additional implementation functionality is needed to support Alt.5. 

PUSCH DTX detection is needed with Alt.5 in case the NodeB configures HARQ-ACK transmission in the PUSCH (and CSI transmission in the PUCCH) as the NodeB will not be able to know otherwise whether the PDCCH generating the HARQ-ACK response is missed and this may result to a NACK-to-ACK error with somewhat higher probability (e.g. 5e-3) than the typical NACK-to-ACK error rate target (
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1e-3). Note that a relatively high PUSCH DTX detection error rate of 10% suffices. Although it is desirable for a NodeB to perform PUSCH DTX detection, as this avoids HARQ buffer corruption with noise in case the PDCCH scheduling PUSCH is missed, even for a NodeB that does not support CA (and does not support PUSCH DTX detection), this is not a problem under Alt.5 as a NodeB can then simply choose to operate Alt.5 as Alt.3 (or Alt.6). 
Proposal 2: When the NodeB configures simultaneous PUSCH and PUCCH transmission to a UE, it also configures which one of the UCI types (HARQ-ACK or CQI) is transmitted in the PUCCH and which one in the PUSCH.

As a variation of the above rule, in order to best fulfill the goal for minimizing/avoiding UCI overhead in the PUSCH, if the NodeB supports PUCCH Format 2a/2b and HARQ-ACK consists of 1-2 bits, PUCCH Format 2a/2b is used to multiplex HARQ-ACK and CSI as in Rel.8 (i.e. Alt.8 should also be supported). 
Therefore, UCI overhead in the PUSCH can be minimized without losing any control information and without requiring the NodeB implementation to perform any additional functionality in order to support PUSCH+PUCCH.

3 Additional Aspects for “PUSCH+PUCCH”
Enabling simultaneous PUSCH + PUCCH transmissions for a UE should not imply that simultaneous SRS + PUCCH transmissions are also enabled. This is because the MPR and the prioritization of power allocation to PUCCH can result to a different SRS transmission power (in case of SRS + PUCCH) than the eNodeB assumes and lead to incorrect UL SINR estimation. Therefore, SRS + PUCCH is either always disabled, regardless of whether or not PUCCH + PUSCH is enabled, or it is separately enabled (e.g. for UEs with transmission power much smaller than 
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) [1]. 
Proposal 3: Enabling simultaneous PUCCH and SRS transmissions is either always not applicable (preferred) or is separately configured from simultaneous PUCCH and PUSCH transmissions. 

For PUSCH + PUCCH transmissions the maximum transmission power difference should not exceed a threshold which can be identified by RAN4 [1]. A similar issue already exists for simultaneous PUSCH transmission with UL CA where due to power scaling the transmission power differences may exceed a maximum threshold. Then, the PUSCH transmission power should be reduced (as it is typically larger than the PUCCH transmission power). 
A similar situation occurs when the total power required for PUSCH+PUCCH transmissions exceeds the maximum transmission power 
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 in the primary cell (also taking into account the MPR associated with PUSCH+PUCCH). Although power allocation to PUCCH is prioritized, it may often be preferable for the UE to include UCI in the PUSCH instead of reducing the PUSCH transmission power and additionally incurring a CM penalty and MPR. Then, as the NodeB is anyway performing PUCCH DTX detection, the UE may autonomously decide to include periodic UCI in the PUSCH based for example on its power headroom. RAN1 should further study these aspects and determine specific rules. 

Proposal 4: When the NodeB configures simultaneous PUSCH and PUCCH transmissions to a UE, the UE may autonomously decide whether to multiplex periodic UCI in the PUSCH or PUCCH. Specific rules are FFS.
4 Conclusions

This contribution considered some of the remaining aspects for the support of simultaneous PUSCH and PUCCH transmissions and proposes the following: 
Proposal 1: Support of simultaneous PUSCH and PUCCH transmissions should not lead to loss of control information.

Proposal 2: When the NodeB configures simultaneous PUSCH and PUCCH transmission to a UE, it also configures which one of the UCI types (HARQ-ACK or CQI) is transmitted in the PUCCH and which one in the PUSCH.

Proposal 2a: If the NodeB supports PUCCH Format 2a/2b and HARQ-ACK consists of 1-2 bits, PUCCH Format 2a/2b is used to multiplex HARQ-ACK and CSI as in Rel.8.

Proposal 3: Enabling simultaneous PUCCH and SRS transmissions is either always not applicable or is separately configured from simultaneous PUCCH and PUSCH transmissions. 

Proposal 4: When the NodeB configures simultaneous PUSCH and PUCCH transmissions to a UE, the UE may autonomously decide whether to multiplex periodic UCI in the PUSCH or PUCCH. Specific rules are FFS.
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