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1 Introduction 
At last RAN2 meeting following agreement and FFS were concluded. This paper intends to address those FFS issues left based on progress made in RAN1 so far and progress in RAN2. For simplicity reason, those UL frame or special subframes which could be changed to be DL subframe is called flexible subframe in this paper. And the rest UL subframe and/or DL subframe is called fixed UL subframe and fixed DL subframes respectively.
	Agreements
0
We will look at Case 1 and 2 only, i.e., a subframe is indicated in SIB1 as UL but can be used dynamically for DL. 

1
Legacy and eIMTA UEs which are IDLE follow the TDD configuration in SIB1. 

2
Legacy UEs CONNECTED UEs follow the TDD configuration in SIB1 (PCell)

FFS whether eIMTA can be supported on SCells (not yet agreed in RAN1 either)

3
TTI bundling and TDD eIMTA should not be configured simultaneously for a UE (but some UEs in a cell may be configured with TTI bundling while others are configured with eIMTA).

4
The network should know whether a UE supports TDD eIMTA 

5
The network may configure an eIMTA capable UE with eIMTA by means of dedicated signalling. That means, the UE would only follow the eIMTA indication on PDCCH if it has been configured with eIMTA via RRC beforehand. 

5a
As the feature is only for Connect mode any configuration will be provided by means of dedicated signalling (not in SIB). 

FFS what needs to be configured as part of the dedicated configuration (e.g. group RNTI, HARQ timing; power control parameters…). 

6
RRM/RLM follows legacy behaviour and subframes. (as indicated by RAN1)

FFS whether the special subframe is not used for paging when it is intended to be used as Dynamic DL subframe by means of eIMTA in that cell. That means, only ns1 and ns2 are applicable. 

FFS: No new timing scheme for Message 1, 2, 3, and 4 is introduced. 

FFS: For all UEs, PRACH resources (Msg1, Msg3) are not allocated/configured in subframes that can be dynamically configured as DL subframe (NW restriction)

FFS: If a period SR/SRS/CSI occasion coincides with a dynamic DL subframe, the UE omits the UL transmission. 


2 Progress in RAN1 
2.1 Dynamic UL-DL configuration
Here is the UL/DL configuration in LTE [0]:
[image: image1.emf]
In RAN1’s LS [1] it says that “No new TDD UL-DL configurations are introduced in the backward compatible carrier (in WI on TDD eIMTA)”. It means all the possible UL-DL including SIB1 UL-DL configuration, dynamic UL-DL configuration by L1 signalling and reference configuration for DL HARQ timing comes from the above table from Release8.
Observation 2.1: dynamic UL-DL configuration and reference configuration for DL HARQ timing is one of the 7 UL-DL configurations from Rel-8

In LS [2] following working assumption is confirmed:
Working assumption: A subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission
And following agreement is achieved:

· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5}
That means only UL subframe or special subframe of SIB1 UL-DL configuration can be changed to be DL subframe of dynamic UL-DL configuration and it is not allowed vice versa. So dynamic UL-DL configuration supposes to have same set or subset of UL/UpPTS subframes compared to SIB1 UL-DL configuration. Based on this principle, it can be deduced that there are only 3 possible paths to assign a dynamic UL-DL configuration by eNB:

Path1:# 0->#6->#1->#2->#5
Path2: #0->#6->#1->#4->#5

Path3: #0->#6->#3->#4->#5

For example if SIB1 UL-DL configuration is #1, then possible dynamic UL-DL configuration could be configuration #2 or #4 or #5. But when SIB1 UL-DL configuration is #2 then only possible dynamic UL-DL configuration should be #5.

The intention of reference configuration is to have stable HARQ timing in spite of different dynamic UL-DL configuration, so it also supposes to have same or subset of UL/UpPTS subframe for HARQ ACK/NACK compared to dynamic UL-DL configuration. So the reference configuration should be the same configuration (if it is 2,4 or 5) or the configuration after the dynamic one in the same path.
Here are possible combinations of SIB1 UL-DL configuration, dynamic UL-DL configuration and reference configuration:

	SIB1 UL-DL configuration index
	Possible dynamic UL-DL configuration index
	Possible reference configuration index

	#0
	 n=#1,#2,#3,#4,#5,#6
	m=#2, if n=#1,#2,#6
m=#4, if n=#1,#3,#4,#6
m=#5, if n=#1,#2,#3,#4,#5,#6

	#1
	n=#2,#4,#5
	m=#2, if n=#2
m=#4, if n=#2,#4
m=#5, if n=#2,#4,#5

	#2
	n=#5
	m=#5

	#3
	n=#4 ,#5
	m=#4, if n=#4
m=#5, if n=#4,#5

	#4
	n=#5
	m=#5

	#5
	N/A
	N/A

	#6
	n=#1,#2,#3#4,#5
	m=#2, if n=#1,#2
m=#4, if n=#1,#3,#4
m=#5, if n=#1,#3,#4,#5


Table 1
Observation2.2: possible combination between SIB1 UL-DL configuration, dynamic UL-DL configuration and corresponding possible reference configuration is listed in table 1

2.2 L1 signaling

Here the agreement in [2]:

Agreement:

· New RNTI(s) for explicit reconfiguration DCI (eIMTA-RNTI) will be introduced

· The reconfiguration DCI at least carries 3 bits to explicitly indicate one of the existing 7 UL/DL configurations

· Explicit reconfiguration DCI is transmitted in at least Pcell PDCCH CSS

· If a UE is configured with two or more eIMTA-enabled cells, the UE can be indicated by one explicit reconfiguration DCI for the two or more eIMTA-enabled cells if the DCI is transmitted in Pcell PDCCH CSS
· Two or more indicators (each of 3-bit) for the corresponding two or more eIMTA-enabled cell can be included in one explicit reconfiguration DCI for a UE configured with two or more eIMTA-enabled cells, if the DCI is transmitted in Pcell PDCCH CSS

· A UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation)

· FFS whether or not to monitor additional subframes in addition to the set of periodic subframes

· The set of periodic subframes is by configuration 

· FFS whether or not to have a modification period during which the UE can assume the same configuration 

· FFS whether the UE can combine multiple DCI transmissions within the given modification period

Working assumption: 

· The DCI size to carry reconfiguration bits is aligned to DCI format 1C only

· If the explicit reconfiguration DCI only carries information for explicit reconfiguration, the number of eIMTA-RNTI configured for the UE is always 1

Note:

· Signalling design for explicit reconfiguration should not be optimized for CoMP Scenario 4

· Signalling design for explicit reconfiguration should support CA 

Considering the agreement from [1]:

· Explicit L1 signalling by UE-group-common (E)PDCCH is used for TDD UL-DL reconfigurations 
The basic information from these 2 LSs is indicated as following:

· UE will monitor CSS in PCell for dynamic UL/DL configuration and one UE will only configured with one eIMTA-RNTI to decode L1 signaling
· UE will monitor this L1 signaling within pre-configured DL subframes periodically. But all the L1 signaling scheme detail is FFS in RAN1

eNB should validate the new dynamic UL-DL configuration at the first time when eNB transmit it. But from UE point of view, it may not be able to receive the new dynamic UL-DL configuration at the first time. One reason is it is kind of broadcast signaling i.e. no HARQ feedback is required, so it is not so reliable. Furthermore it is not clear whether UE will miss it during DRX-off phase considering it is intended for a group of UE i.e. it will be challenging to match the periodicity of the L1 signaling with all the DRX on-duration of all UEs within the same group. Because of these 2 reasons there could be a short period of time during which dynamic UL-DL configuration is not aligned between UE and eNB.

Observation 2.3: There could be short period of time during which dynamic UL-DL configuration is not aligned between UE and eNB
Normally one UE is configured with one dynamic UL-DL configuration for one time. Furthermore one UE might be signaled with more than one dynamic UL-DL configuration if it is configured with CA and/or transmission mode10 supporting CoMP scenario 4. It is possible that dynamic UL-DL configuration per serving and/or TP could be different with each other. But these dynamic UL-DL configurations will be contained within same L1 signaling.

Observation 2.4: eIMTA , carrier aggregation and transmission mode 10 can be configured simultaneously for the UE
Observation 2.5: dynamic UL-DL configuration could be different for eIMTA enabled serving cell and/or TP of CoMP scenario 4
3 Impact to RRC layer
3.1 RRC configuration for eIMTA

There is one FFS left at last meeting:

FFS what needs to be configured as part of the dedicated configuration (e.g. group RNTI, HARQ timing; power control parameters…)
It is possible for RAN2 to discuss which parameter should be configured by RRC layer e.g. reference UL-DL configuration for DL HARQ timing etc. But it is not so helpful to discuss all the details before RAN1 finish all its discussion and sends parameter lists to RAN2.

Proposal 0: detail RRC parameters in dedicated RRC signaling is FFS and waits for input from RAN1
3.2 SI broadcast
It is agreed that legacy UE in IDLE state should follow SIB1 UL-DL configuration. So legacy UE will acquire system information just as before. But for eIMTA enabled UE, eNB can also choose to repeat more SI in flexible subframes for eIMTA enabled UE if that subframe deems to be DL subframe for all eIMTA enabled UE at that TTI. But it is just eNB’s implementation i.e. nothing should be specified.
Proposal1: nothing need be specified for SI broadcast both for legacy and eIMTA enabled UE.
3.3 Paging

There are 4 possible paging subframe as indicated in 36.304:
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Figure 1

Only subframe#6 could be changed from special subframe to DL subframe. In case SIB1 UL/DL configuration contains #6 subframe, then it is bit tricky to configure it as paging subframe. There is no impact for legacy UE because backwards compatibility has to be guaranteed, but for eIMTA enabled UE, it has to take it as a special subframe i.e. to decode only few beginning symbols when it receive paging message just as legacy UE. In addition eIMTA enabled UE also shall take it as a whole DL subframe when it tries to decode other packet than paging message over PRBs other than paging message. Another complexity is due to the fact that CRS pattern as well as DMRS patterns between DwPTS and normal DL subframe is also different. Considering eIMTA will most likely be used for pico cell [1], one way to reduce UE’s complexity is to limit configuration of eNB i.e. not to configure Ns=4. 
Proposal 2: if SIB1 UL/DL configuration contain subframe #6 and eIMTA is enabled in this cell, eNB is not allowed to configure Ns=4

3.4 PRACH resource

 For legacy UE, it is clear that PRACH resource can’t be allocated within flexible subframes otherwise it will experience severe interference. Then the simplest and safest way is configure PRACH resource within fixed uplink subframe. 
For example, for path2 above: Path2: #0->#6->#1->#4->#5, eNB can choose one UL-DL configuration as the least UL-DL configuration in terms uplink subframe e.g. configuration 4. That potentially means dynamic UL-DL configuration will never be configuration #5.  But it is not necessary for eNB to tell UE anything new compared to current specification i.e. it is done implicitly by PRACH configuration in SIB2. For UEs configured with transmission mode 10, eNB should guarantee there is one least UL-DL configuration between TPs or it can also rely on #5 UL-DL configurations which is common least configuration for all UL-DL configurations.
Observation 3.1: for legacy UE, nothing more need be specified.
For eIMTA enabled UE, eNB maybe able to configure more PRACH resource when dynamic UL-DL configuration has more UL subframe compared to this least UL-DL configuration. But it should be avoided due to following reasons:

1, The PRACH capacity is mainly related to the number of UE both in IDLE and RRC-CONNECTED state within this cell. Considering this feature is mainly used for pico cell, there should be not so much UEs compared to macro cell. So the motivation to have more PRACH resource is not strong.
2, SIB2 is not proper way to change PRACH configuration. The main problem is to change SIB will impact legacy UE. And the shortest period to change SIB2 containing PRACH configuration is one modification period which suppose to be longer than the period of changing UL-DL configuration in physical layer. 
3, Dedicated signaling will introduce too much signaling overhead considering the frequency to change the dynamic UL-DL configuration. RAN1 assumed that the shortest period to change dynamic UL-DL configuration is 10ms.
4, In our understanding RAN1 also assumes legacy UE and eIMTA enabled UE should share same PRACH configuration. 
Based on above reasons, we propose:
Proposal3: eIMTA enabled UE should have same PRACH configuration with legacy UE.
Proposal3a: PRACH resource should be configured based on least UL-DL configuration in terms of uplink subframe. But it is up to eNB’s implementation i.e. no impact on specification.
3.5 PUCCH resource (both for D-SR and CSI)
The situation of PUCCH resource for D-SR and CSI is different compared to PRACH resource configuration in terms of density in time domain. The longest periodicity of PRACH resource is 20ms and normal periodicity is 10ms while the longest periodicity could be 80ms for D-SR and 160ms for CSI respectively (Annex). Furthermore for D-SR and CSI report, UE will only be configured one subframe within that periodicity while there could be multiple subframes configured as PRACH slot.
Observation 3.2: PUCCH resource could be configured quite sparse in time domain. 

Basically there are two alternatives to do the configuration both for legacy UE and eIMTA enabled UE:

Alt1: PUCCH resource for D-SR and CSI report is always configured in fixed uplink subframes

Alt2: PUCCH resource for D-SR and CSI report is configured in stable uplink subframes which could be fixed uplink subframes and/or one uplink subframe eNB can guarantee it will only be uplink subframe for all UEs when it is configured as PUCCH resource for D-SR and CSI report

Alt2 may take a bit risk due to possible asynchronization between UE and eNB in terms of dynamic UL-DL configuration. But it is also related to how long the periodicity of the PUCCH resource. Normally the longer the periodicity is, the less the risk is. The main benefit of alt2 is more PUCCH resource is available compared to alt1. In addition alt2 doesn’t impact current specification i.e. it can be done by sensible algorithm in eNB.
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Figure 2
In the example indicated by Figure 2, UEs which require dense PUCCH resource for D-SR and/or CSI report could be configured based on alt1 based on #2 configuration. UEs which only need sparse PUCCH resource for D-SR and/or CSI report can be either configured based on alt1 or alt2. In case alt2 is taken the extra uplink subframe of #0 UL-DL configurations compared to #2 configuration can be used for those UEs. One message from this example is eNB can already do this by carefully configuration i.e. nothing new need be specified.
Proposal 4: PUCCH resource for D-SR and CSI report could be either configured in fixed uplink subframe or “stable” flexible uplink subframe for which eNB can guarantee it will be uplink subframe when it is configured as PUCCH resource for D-SR and CSI report. 
Proposal 4a: it is up eNB’s implementation to realize proposal4 i.e. no impact on specification 
3.6 SRS resource

According to table 7.4-1 [3], the longest periodicity of SRS is 320ms i.e. it could be configured even more sparse than PUCCH resource for D-SR and CSI report. Based on similar reason same approach can taken for SRS resource configuration as proposal4 and 4a.
Proposal5: same approach as proposal4 and proposal4a is taken for SRS resource configuration.
3.7 SPS resource

The uplink pattern for UL-DL configuration 1/2/3/4 is completely different considering subframe-offset in table 7.4-1 (annex).  In order to avoid possible change of SPS pattern frequently along with dynamic UL-DL configuration, SPS resource should be also configured based on least UL-DL configuration in terms of uplink subframe. This could be implicitly done by eNB, so nothing new needed be specified.
Proposal6: SPS resource should be configured based on least UL-DL configuration in terms of uplink subframe.
Proposal6a: It is up to eNB’s implementation i.e. no impact on specification.
4 Conclusion 
Based on above analysis it is clear that current specification can already accommodate eIMTA feature except for the paging occasion configuration. Of course dedicated RRC signaling is needed to configure potential parameters required for eIMTA feature and it is FFS for now. Detail observation and proposals are listed as below:
Proposal 0: detail RRC parameters in dedicated RRC signaling is FFS and waits for input from RAN1
Proposal1: nothing need be specified for SI broadcast both for legacy and eIMTA enabled UE.

Proposal 2: if SIB1 UL/DL configuration contain subframe #6 and eIMTA is enabled in this cell, eNB is not allowed to configure Ns=4
Proposal3: eIMTA enabled UE should have same PRACH configuration with legacy UE.
Proposal3a: PRACH resource should be configured based on least UL-DL configuration in terms of uplink subframe. But it is up to eNB’s implementation i.e. no impact on specification.
Proposal 4: PUCCH resource for D-SR and CSI report could be either configured in fixed uplink subframe or “stable” flexible uplink subframe for which eNB can guarantee it will be uplink subframe when it is configured as PUCCH resource for D-SR and CSI report. 
Proposal 4a: it is up eNB’s implementation to realize proposal4 i.e. no impact on specification 
Proposal5: same approach as proposal4 and proposal4a is taken for SRS resource configuration.
Proposal6: SPS resource should be configured based on least UL-DL configuration in terms of uplink subframe.

Proposal6a: It is up to eNB’s implementation i.e. no impact on specification.
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