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1 Introduction
Since the beginning of the SRS work item during RAN1#84b, it has been acknowledged that SRS carrier based switching will introduce an interruption time of a certain duration, depending on the terminal properties. From a RAN4 LS it was concluded that this range can be quite wide and varied from as little as 30usec and up to 900usec. In a separate contribution [1], we defined interruption classes to categorize the interruption time on a per-band basis. In this contribution, we discuss the design of PUSCH for class 1 and 2 interruptions, i.e. under 500usec switching time.  
2 PUSCH with control information

When UCI is to be transmitted in a subframe in which the UE has been allocated transmission resources for the PUSCH, the UCI is multiplexed together with the UL-SCH data. The multiplexing of CQI/PMI, HARQ ACK/NACK, and RI with the PUSCH data symbols onto uplink resource elements (REs) is shown in Figure 1.  


Figure 1: PUSCH TTI with control information
There is currently no provision for allowing PUSCH and SRS to collide. Currently, there is no shortening of PUSCH and SRS is always dropped in favor of PUSCH.  However, is no dropping rules are defined and SRS is not sent whenever PUSCH is present, a lack of SRS transmission opportunities on other carriers than the UL CC may affect the performance of the feature and render it potential unusable. Moreover, the network can mitigate the throughput loss due to PUSCH dropping my varying the UL grant accordingly. 
As can be seen, in figure 2, a collision of up to class 2 (500usec and under), will lead to a drop of the last slot in the SRS subframe and the first slot in the following frame. The following discusses the further shortening of PUSCH formats in the subframe where SRS is transmitted as well as a discussion on the shortening rules for the subframe following the SRS subframe. 
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figure 2: symbol dropping for Class 2 interruption.
3 Shortened PUSCH for the SRS subframe
3.1 Class 1/2 interruption  
As discussed in [1], class 2 interruption leads to a drop slot prior to and after SRS transmission, as shown in figure 2. It is thus proposed to use two alternative subframe designs as shown in figure 3.
Slot 0
Inter-rupt
Inter-rupt
Slot 1

SRS subframe format for class 2, SRS subframe
SRS Subframe format for class 2, following SRS
figure 3: slot formats for Class 2 interruption. Green is for transmission, red for interruption. In the SRS subframe the transmission lasts 1 slot, i.e. 7 symbols and is then followed by an interruption of 1 slot. In the subframe following the SRS transmission, the first slot, or 500usec is interrupted, and the next slot is transmitted. 
In the next section we shall discuss the detail design of PUSCH formats when only one slot per subframe is available. Two aspects are considered: symbol mapping and coding. 
3.2 PUSCH Formats Subframe structure with class 1/2 interruption 
3.2.1 CQI on PUSCH
 CQI/PMI resources are placed at the beginning of the UL-SCH data resources and mapped sequentially to all SC-FDMA symbols on one subcarrier before continuing on the next subcarrier. The UL-SCH data is rate-matched around the CQI/PMI data. The same modulation order as UL-SCH data on PUSCH is used for CQI/PMI. For small CQI and/or PMI report sizes up to 11 bits, a (32, k) block code, similar to the one used for PUCCH, is used, with optional circular repetition of encoded data; no CRC is applied. For large CSI reports (> 11 bits), an 8-bit CRC is attached and channel coding and rate matching is performed using a tail-biting convolutional code as for PUCCH format 4/5.
The amount of PUSCH symbols allocated for CQI is given in 36.212 section 5.2.6. CQI is transmitted over two slots and rate matched to the UL-SCH data to fit the available space. When one of the two slots is dropped, the following should be considered:
· Only half of the energy in the subframe is spent.
· Half of the available space is now lost
Therefore, it is proposed to change the rate matching of the CQI as follow.  The number of modulation coded symbols per layer for channel quality information defined in 36.212 is calculated by computing the available space for PUSCH over the two slots in the subframe and compare it to the required number of CQI symbols in the subframe. In this computation, the two slots are taken into account. When SRS switching is used and a slot is dropped, only 1 slot should be accounted for. 
Proposal: Rate match CQI over a single slot in a PUSCH subframe where a slot is dropped due to SRS switching.  

As mentioned before, the loss of a slot means that more power is potentially available in the slot which is preserved. It is thus potentially possible to increase the MCS offset for PUSCH/CQI in a SRS switching subframe.

Proposal: increase the MCS offset for PUSCH over a single slot in a PUSCH subframe where a slot is dropped due to SRS switching.
3.2.2  RI and HARQ on PUSCH

The coded RI symbols are placed next to the HARQ ACK/NACK symbol positions irrespective of whether ACK/NACK is actually present in a given subframe. The coding of the RI, HARQ and CQI/PMI are separate, and the UL-SCH data is rate-matched around the HARQ/RI REs similarly to the case of CQI/PMI.
The amount of PUSCH symbols allocated for RI is given in 36.212[2] section 5.2.6. for each of the two PUSCH slots in the subframe, with at most 2 SC-FDMA symbols allocated per slot. The amount of RI information bits to be sent is then rate matched around these conditions. When one of the two slots is dropped, as for CQI the following should be considered:
· Only half of the energy in the subframe is spent.
· Half of the available space is now lost
Therefore, it is proposed to change the rate matching equations of the RI as follow. The number of modulation coded symbols per layer for channel quality information defined in 36.212 is calculated by computing the available space for PUSCH over the two slots in the subframe and compare it to the required number of RI/HARQ symbols in the subframe (4 SC-FDMA symbols for HARQ and RI each, i.e. 2 per slots for each). In this computation, the two slots are taken into account. When SRS switching is used and a slot is dropped, only 1 slot should be accounted for and therefore the maximum amount of space for RI and HARQ is 2symbols for each.
    
Proposal: send HARQ/RI over a single slot in a PUSCH subframe where a slot is dropped due to SRS switching. The rate matching of HARQ/RI is done for a single slot, with a maximum of two SC-FDMA symbols for HARQ and two SC-FDMA symbols for RI.

As mentioned before, the loss of a slot means that more power is potentially available in the slot which is preserved. It is thus potentially possible to increase the MCS offset for CQI in a SRS switching subframe and free.

Proposal: increase the MCS offset for HARQ RI over a single slot in a PUSCH subframe where a slot is dropped due to SRS switching. 

4 Conclusions
 This contribution presented an analysis of the work required to minimize PUSCH UCI capacity loss via the dropping of a slot. The solution proposes to rate match UL SCH and UCI around the slot The following proposals for change have been made:  
Proposal: Rate match CQI over a single slot in a PUSCH subframe where a slot is dropped due to SRS switching.  
Proposal: increase the MCS offset for PUSCH over a single slot in a PUSCH subframe where a slot is dropped due to SRS switching.
Proposal: send HARQ/RI over a single slot in a PUSCH subframe where a slot is dropped due to SRS switching. The rate matching of HARQ/RI is done for a single slot, with a maximum of two SC-FDMA symbols for HARQ and two SC-FDMA symbols for RI.
Proposal: increase the MCS offset for HARQ RI over a single slot in a PUSCH subframe where a slot is dropped due to SRS switching.
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