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1
Introduction
Both Downlink subframe and Uplink subframe are located on same carrier for TDD system, so downlink channel characteristic is very similar with Uplink channel characteristic. Evaluation of Uplink signal, e.g SRS can be used for downlink transmission. It is called as channel reciprocity. In this contribution, it is proposed to consider switching SRS sending among TDD scells, which enables DL Beamforming operation without PMI feedback even if a UE does not have capability to send UL data on the corresponding TDD carriers. We also give high layer impact analysis.
2
Discussion
2.1
Motivation and gain
So far, only 3DL/2UL CA scenario is introduced in RAN4, due to the UE capability limitation,i.e CA_41D and CA_40D. However based on the Table 10.2.3.1-3 and 10.2.3.2-3 in [2], for TDD system there is large performance loss if only Downlink is supported on this carrier, but no SRS sending on this carrier.  It means that no channel reciprocity can get from SRS for DL transmission. One simple way can be used to solve this problem, i.e, the network configure UE switching SRS sending on the TDD scells at which PUSCH and PUCCH are not sent, however PDCCH, PDSCH and SRS can be sent. 
As the below figure1, here UE with capability of t two UL CCs is considered, carrier 1 and 2 are normal carriers, carrier 3 and 4 are the carrier at which PUSCH and PUCCH are not sent . SRS sending can be switched to special carrier. At SRS sending subframe, there is no UL sending on normal carrier. It guarantees that the UL sending capability is not exceeded.
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 Figure 1: SRS sending on Special carrier
We also give the basic simulation comparison. The figure 2 illustrates the average UPT results regarding to PMI based feedback and transmit diversity based feedback with SRS in case of ISD 500m, respectively. The detailed information can be found in [1]. 
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Figure 2: the gain from switching SRS sending on the TDD scells in some cases
3DL/2UL inter-band CA does not have any scenario including TDD band, but we can select a 2UL/2DL CA scenario which include at least one TDD band as an example to analyze the feasibility of 3DL/2UL SRS switching.Taking CA_1A_42C as an example, DL should support all three carriers simultaneously and UL should support 2UL simultaneously with three cases as in Figure 1 to meet SRS switching requirement.
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Figure 2 UL carrier support cases for SRS switching
2UL inter-band CA for CA_1A_42A has been introduced. This inter-band CA combination does not have inter-modulation and harmonic problems into its own DL. Therefore, 2UL case1/3DL and 2UL case2/3DL can be easily supported for CA_1A_42C. CA_42C has already included 2UL case 3 for UL carriers, so 2UL case3/3DL is also not a problem for CA_1A_42C. 

Based on above analysis, most CA scenarios can support 1UL CC transmitted in TDD band except CA_28-40 so far and at least one scenario CA_1A_42C is feasible to implement SRS switching for 2UL CC transmitted. For other feasible scenarios, we can identify case by case based on operator’s need.
Observation1: switching SRS sending on the TDD scells can be used for getting performance gain for TDD.
2.2
Impact on high layer 
In this section we give some high layer impact analysis for the introduction of SRS sending on special carrier, the contributions [1] also give some impact analysis from RAN1 point of view.

1 Configuration for switching SRS sending on the TDD scells
For getting channel reciprocity from SRS for this DL carrier, Configuration for switching SRS sending on the TDD scells should be supported; If no RACH is needed on the carrier at which PUSCH and PUCCH are not sent, only SRS resource need to be configured for this carrier. Now there are two type SRS for the UE, periodic SRS and one-shot SRS. Both periodic SRS and one-shot SRS configuration have been supported by RRC. If RACH is needed on this carrier the RACH resource should be configured for this carrier, it also has been supported by RRC.

For periodic SRS, the network can configure different SRS period and offset to grantee that SRS sending happens in different subframe to avoid exceeding UE UL capability, i.e., SRS is time division multiplexing on the normal carrier and the carrier at which PUSCH and PUCCH are not sent. For one-shot SRS, the network can also select the suitable subframe at which the one-shot SRS is sent.
Observation2: RRC specification has supported the configuration for switching SRS sending on the TDD scells to grantee the SRS sending. 

2 TA reference and RACH

In legacy CA structure, the downlink reference of UL TA can be any activated cell in this TA group; this rule is still suitable for this kind carrier.

If this kind carrier belongs to different TA group from normal carrier, RACH on this kind carrier is needed for getting UL TA for this kind carrier. The UE should also maintain the TA of this kind carrier, i.e. keep TA timer running and receive TA command. If this kind carrier always belongs to same TA group with normal carrier, no RACH is needed on this kind carrier and no additional TA maintaining is needed. It means that no RACH impacts due to introduction of this kind carrier, if this kind carrier always belongs to same TA group with normal carrier. We can only consider the case that this kind carrier always belongs to same TA group with normal carrier in R13.
Observation3:  TA reference of this kind carrier can be same as legacy CA and there is no RACH impacts due to introduction of this kind carrier, if this kind carrier always belongs to same TA group with normal carrier. 
3 Path-loss reference and Power control
In legacy CA structure, the downlink reference of Path-loss for UL power control can be Pcell or SIB-2 link cell. This rule is still suitable for this kind carrier. It also means that existing power control mechanism can be reused on this kind carrier.
The PHR of every carrier is reported in legacy CA structure. It can be FFS whether the PHR of this kind carrier should be reported. 

Observation4:  the downlink reference of Path-loss of this kind carrier can be same as legacy CA, and It can be FFS whether the PHR of this kind should be reported.
4 RF glitch 

Based on UE CA capability, UE can only transmit UL signal or data on all normal carriers at same subframe. When the UE has only one RF for UL transmission the UE has to tune RF chain from the normal carrier to the carrier at which PUSCH and PUCCH are not sent or from the carrier at which PUSCH and PUCCH are not sent to the normal carrier. As the below figure, carrier 1 and 2 are normal carrier, carrier 3 and 4 are the carrier at which PUSCH and PUCCH are not sent. There is a glitch when RF chain tunes. However, all UL transmissions are controlled by the eNB, the eNB can implement to avoid UL sending Collision between the special Carrier and the normal Carrier. The glitch length will impact the eNB implementation; it can be discussed in RAN4. 
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Figure 3: RF glitch

Observation5:  RF glitch is needed if the UE has only one RF for UL transmission; however, all UL transmissions are controlled by the eNB. The eNB can implement to avoid UL sending Collision between Special Carrier and normal Carrier. The glitch length will impact the eNB implementation; it can be discussed in RAN4.
5 Parallel sending on both the carrier at which PUSCH and PUCCH are not sent and normal carrier
It should be allowed to parallel sending on both this kind carrier and the normal carrier if the UE capability is allowed. As the below figure, the UE supports at most two UL normal carriers, it can also support UL sending on one normal carrier and one the carrier at which PUSCH and PUCCH are not sent.
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Figure 4: parallel sending on both the carrier at which PUSCH and PUCCH are not sent and normal carrier

If the periodic SRS is supported on this kind carrier, the eNB may want to schedule normal carrier in the subframe at which the SRS is sent on the carrier at which PUSCH and PUCCH are not sent, it is better that SRS sending on this kind carrier is cancelled if parallel sending has exceed the UL CA capability of the UE.
Observation6:  parallel sending on both the carrier at which PUSCH and PUCCH are not sent and normal carrier if the UE capability is allowed.
5 Activation/deactivation and DRX
In legacy CA structure, Activation and deactivation is per CC and Common DRX is used, SRS shall not be sent on de-activation CC and during DRX off period. These rules are still suitable for the carrier at which PUSCH and PUCCH are not sent.
Observation7:  there is no impact for activation /deactivation and DRX part.
7 Capabilities 
CA band combination capability is reported to inform the eNB the DL and UL carrier aggregation which the UE supports. For TDD carrier, UL subframe and DL subframe is located on same carrier, naturally all carriers on which only DL sending is supported but UL is not supported based on the existing CA band combination capability after CA configuration should be this kind carrier. If this kind carrier is introduced the UE should also report this capability. 
Observation8: all carriers on which only DL sending is supported but UL is not supported based on the existing CA band combination capability should be this kind carrier.
2.3
Summary 
In below table, we try to give the summary for high layer impacts. There are only a few impacts for some functions. 
	Function 
	High layer Impacts 

	1 Configuration for switching SRS sending on the TDD scells
	Some new resource configuration 

	2 TA reference and RACH
	No impact

	3 Path-loss reference and Power control
	Maybe very a few impacts on PHR report

	4 RF glitch
	eNB implementation , maybe a few specification impacts

	5 Parallel sending on both the carrier at which PUSCH and PUCCH are not sent and normal carrier
	Maybe a few  specification impacts

	6 Activation/deactivation and DRX
	No impact 

	7 Capabilities
	A few specification impacts


3
Proposal
In this contribution, it is proposed to consider in this WI the support for SRS sending on special carrier for TDD, which enables DL Beamforming operation without PMI feedback even if a UE does not have capability to send UL data on the corresponding TDD carriers. We also give high layer impact analysis. The observations are listed below 

Observation1: switching SRS sending on the TDD scells can be used for getting performance gain for TDD.
Observation2: RRC specification has supported the configuration for switching SRS sending on the TDD scells to grantee the SRS sending.
Observation3:  TA reference of this kind carrier can be same as legacy CA and there is no RACH impacts due to introduction of this kind carrier, if this kind carrier always belongs to same TA group with normal carrier.
Observation4:  the downlink reference of Path-loss of this kind carrier can be same as legacy CA, and It can be FFS whether the PHR of this kind should be reported.
Observation5:  RF glitch is needed if the UE has only one RF for UL transmission; however, all UL transmissions are controlled by the eNB. The eNB can implement to avoid UL sending Collision between Special Carrier and normal Carrier. The glitch length will impact the implementation; it can be discussed in RAN4.
Observation6:  parallel sending on both the carrier at which PUSCH and PUCCH are not sent and normal carrier if the UE capability is allowed.
Observation7:  there is no impact for activation /deactivation and DRX part.
Observation8: all carriers on which only DL sending is supported but UL is not supported based on the existing CA band combination capability should be this kind carrier.
We also suggest that 
Proposal: SRS sending on the carrier at which PUSCH and PUCCH are not sent shall be supported in R13.
4
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