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1
Introduction
In Rel-10, a single UL timing advance (TA) group is supported for UE in carrier aggregation (CA).  UL transmission timing is thus synchronous across all the UL component carriers (CCs) in CA at the UE. In Rel-11, two TA groups are supported, which may cause non-synchronous UL transmission timing across CCs in CA.  In this paper, we share our views on the SRS operation under the multi-TA group in Rel-11.
2
Discussion
In Rel-10, a UE can be configured for CA with 2 or more component carriers (CC), one of which is configured as the primary CC (PCC), and the remaining CCs are designated as the secondary CCs (SCC). A single UL timing advance group is supported. That is, all UL CCs follow the same single group of TA commands, such that UL transmission timing is the same for all UL CCs in CA at the UE side. 

In Rel-11, two TA groups are supported, as illustrated below:
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Figure 1 Illustration of two TA groups for CA in Rel-11

Due to the separate management of UL transmission timing of the two TA groups, it is thus possible that the UL transmission timing can be different for the two TA groups. In [1], it is proposed that when multi-TA group is configured for a UE in Rel-11, the UE transmitter has to cope with a relative transmission timing difference up to 30 us (the same maximum timing difference for DL reception in CA as specified in Rel-10) between the two TA groups. 
In Rel-10, SRS does not co-exist with PUCCH or PUSCH in the same symbol, regardless of whether SRS and PUCCH/PUSCH belong to the same CC or different CCs. If a SRS transmission collides with a PUCCH/PUSCH transmission,  SRS will be dropped. In order to facilitate SRS transmissions, shortened PUCCH formats can be configured. In addition, cell-specific SRS subframes can be carefully configured and coordinated across CCs such that no PUSCH utilizes the last symbol of the corresponding SRS transmission subframes.
However, under the multi-TA group operation, even if shortened PUCCH formats and cell-specific SRS subframes are configured, SRS may still collide with PUCCH and/or PUSCH transmissions, as shown below:
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Generally speaking, a few design alternatives are possible to handle this partial collision between the TA groups:

· Alt 1: no simultaneous PUSCH/PUCCH and SRS transmissions
· Alt 2: conditional simultaneous PUSCH/PUCCH and SRS transmissions
· Alt 3: unconditional simultaneous PUSCH/PUCCH and SRS transmissions
2.1
No Simultaneous SRS vs. PUCCH/PUSCH

Note that within each TA group, since there is no partial collision between SRS and PUCCH/PUSCH, the same PUSCH/PUCCH vs. SRS handling specified in Rel-10 can be applied. 

In this design alternative, either SRS is dropped in case of a collision, or new design can be developed such that SRS does not collide with PUSCH/PUCCH. More specifically,
· Alt 1.1: drop any SRS in case of collision
· The dropping condition can be as simple as whenever multi-TA group is configured, but in this case SRS effectively is not supported

· The dropping condition can be based on the actual collision conditions. For instance, if SRS were to collide with a PUSCH/PUCCH transmission of the 2nd last symbol of the same subframe (see Figure 2), the UE can be scheduled not to transmit PUCCH or PUSCH, such that SRS can be transmitted in the subframe. Note that there is a risk that the eNB and the UE may be misaligned regarding whether SRS is transmitted or not, due to PDCCH miss detections and hence different understanding of whether PUCCH or PUSCH is transmitted or not. 
· Alt 1.2: transmit a half-symbol SRS, if the maximum UL timing difference is less than half a symbol duration, as shown below:

· As can be seen, which half-symbol (first or second half) depends on the relative timing difference between the two TA groups. A UE may need to indicate the direction of the timing difference to facilitate the eNB operation.
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Figure 3 Half-symbol SRS to avoid partial collision between SRS and PUCCH/PUSCH

· Alt 1.3: further reserve one symbol for SRS avoidance, where the symbol is borrowed from PUCCH/PUSCH, as shown below.
· This would allow full-symbol SRS transmissions, but at the expense of reduced resources for PUCCH/PUSCH. Still, in this case, a UE may need to indicate the direction of the timing difference to facilitate the eNB operation.
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Figure 4 Full-symbol SRS transmission by borrowing one additional symbol from PUCCH/PUSCH
Among the three sub-alternatives, Alt 1.3 is the least preferable, since it given higher priority to SRS over PUCCH and PUSCH. Further, additional PUCCH design efforts become necessary in order to address the loss of orthogonality between different UEs. Additional PUSCH design efforts are also required to address the loss of one symbol.

Alt 1.1 is the simplest, but may cause frequent SRS droppings. Alt 1.2 prevents frequent SRS droppings, but would require additional standardization and implementation efforts.

2.2
Conditional Simultaneous SRS vs. PUCCH/PUSCH
In this case, the general design philosophy in this alternative is still not to transmit PUSCH/PUCCH and SRS simultaneously if possible. Simultaneous transmission is allowed only under certain conditions. For instance, SRS is dropped if the UL transmission timing difference exceeds a certain threshold; SRS is transmitted otherwise. One possible threshold can be the CP duration, as illustrated in Figure 5. The UE may report the timing difference to facilitate the eNB operation.
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Since the normal CP duration is only 5us, such a conditional SRS transmission has limited benefits.

2.3
Unconditional Simultaneous SRS vs. PUCCH/PUSCH
In this case, simultaneous PUSCH/PUCCH and SRS transmission is allowed when two TA groups are configured. Such simultaneous transmission can be applied to 

· Alt 3.1: only inter-TA groups

· Only allows simultaneous PUSCH/PUCCH in one TA group and SRS in the other TA group

· Simultaneous PUSCH/PUCCH and SRS in the same TA group is not allowed

· Alt 3.2: both intra-TA and inter-TA groups

· Allow simultaneous PUSCH/PUCCH and SRS both in the same TA group and in different TA groups

The three alternatives discussed above provide tradeoff between SRS transmission flexibility and standardization and implementation complexity. Alt 1 is generally simple, but may lead to excessive SRS droppings, or new SRS/PUCCH/PUSCH design. Alt 2 improves the SRS transmission opportunities. Alt 3 allows fully flexible SRS transmissions, but may lead to complicated standardization and implementation efforts, especially when considering power prioritization for power limited UEs [2]. 
Generally speaking, when the UE is not power limited, there is no strong reason to prohibit simultaneous SRS and PUCCH/PUSCH transmissions from UL transmission perspective.  However, when the UE is power limited, in order to simplify standardization and implementation, SRS can be dropped in order to avoid simultaneous SRS and PUCCH/PUSCH transmissions.
3
Conclusions 

In this contribution, we discussed the issue of simultaneous SRS and PUCCH/PUSCH transmissions (partially overlapped transmissions) under multi-TA group for CA in Rel-11. Several design alternatives are discussed. Generally speaking, when the UE is not power limited, there is no strong reason to prohibit simultaneous SRS and PUCCH/PUSCH transmissions.  However, when the UE is power limited, in order to simplify standardization and implementation, SRS can be dropped in order to avoid simultaneous SRS and PUCCH/PUSCH transmissions.
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Figure � SEQ Figure \* ARABIC �5� SRS is transmitted if the collision is within the CP duration





Figure � SEQ Figure \* ARABIC �2� Illustration of partial SRS collision with PUCCH/PUSCH under multi-TA
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