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1. Introduction

Following up RAN2 LS on RACH aspects in TDD eIMTA[1], this contribution gives the further analysis of impacts between RACH procedure and TDD eIMTA reconfiguration. The analysis shows notable limitations, as mentioned in [2]. 
2. PRACH preamble transmission in eIMTA cell 
According to TS 36.211, once the eNB broadcasts the TDD UL/DL configurations and PRACH configuration index, the served UE in the cell knows where the PRACH opportunities are and randomly chooses one to send PRACH preamble. However, when eIMTA is activated in the cell, one or multiple of these PRACH opportunities may fall into a subframe that is changed to DL, and the PRACH preamble autonomously sent by UE (at least for CBRA) would hit the DL transmission. It is desired to have proper eNB configuration to avoid such conflict, because otherwise

·  The PRACH preamble transmitted by the UE can cause strong UE-to-UE interference;
·  The TDD eNB is obligated to transmit CRS in the subframe changed to DL, and may have no chance to receive any UL signal including PRACH preamble. To be worse, for the next PRACH attempt, the UE may pick the PRACH opportunity that still falls into UL-to-DL subframe and continuously to be ignored by eNB. 
Therefore, some of PRACH configuration indices that are defined under given TDD UL/DL configuration may no longer be usable when eIMTA is enabled; vice versa, once the PRACH configuration index is cell-specifically configured, some of seven TDD UL/DL configurations, especially those DL-heavy ones, may not be qualified for dynamic reconfiguration. Such restrictions can be observed differently between even and odd radio frames, because the PRACH preamble can be configured in any frame, even frame only or odd frame only. Table 1 lists UL/DL configurations that can be dynamically reconfigured for the given combinations of SIB1 UL/DL configuration and PRACH configuration index. In this table, 

·  The entries shown as “N/A” in the original table in TS 36.211 are continuously labelled as “N/A”. 

·  The two brackets in the table entry include the usable dynamic UL/DL configurations in even and odd radio frames, respectively.
·  If both even frame and odd frame do not have any UL/DL configurations from the set {#2, #4, #5}, it does not deserve eNB to choose the corresponding combination when eIMTA is expected in the cell. Such entries are labelled as “N/D” in the Table 1.  Note that UL/DL configuration #3 is not considered as one of benchmarks because it is not one of choices for DL HARQ reference configuration. If RAN1 intends to support the case where the dynamic reconfigurations can reach UL/DL configuration #3 but never one of {#2, #4, #5}, #3 should be added to list of DL HARQ reference configurations, because otherwise the system would only pay UL resource for nothing on DL.  
	PRACH Config Index
	PRACH format
	SIB1 TDD config 0
	SIB1 TDD config 1
	SIB1 TDD config 6

	0
	0
	{0,3,6} {0,1,2,3,4,5,6}
	{1,4} {1,2,4,5}
	{3,6} {1,2,3,4,5,6}

	1
	
	{0,1,2,3,4,5,6} {0,3,6}
	{1,2,4,5} {1,4}
	{1,2,3,4,5,6} {3,6}

	2
	
	{0} {0,1,2,3,4,5,6}
	{1} {1,2,4,5}
	{1,6} {1,2,3,4,5,6}

	3
	
	N/D
	{1,4} {1,4}
	N/D

	4
	
	N/D
	N/D
	N/D

	5
	
	{0,1,3,4,6} {0,1,3,4,6}
	{1,2,4,5} {1,2,4,5}
	{1,3,4,6} {1,3,4,6}

	6
	
	N/D
	N/D
	N/D

	7
	
	N/D
	{1,2} {1,2}
	N/D

	8
	
	{0,1,2,6} {0,1,2,6}
	N/A
	N/D

	9
	
	N/D
	N/D
	N/D

	10
	
	N/D
	N/D
	N/D

	11
	
	N/A
	N/D
	N/D

	12
	
	N/D
	N/D
	N/D

	13
	
	N/D
	N/A
	N/D

	14
	
	N/D
	N/A
	N/D

	15
	
	N/D
	N/D
	N/D

	16
	
	N/D
	N/D
	N/A

	17
	
	N/D
	N/D
	N/A

	18
	
	N/D
	N/D
	N/D

	19
	
	N/A
	N/D
	N/D

	20/30
	1/2
	{0,3,6} {0,1,2,3,4,5,6}
	{1,4} {1,2,4,5}
	{3,6} {1,2,3,4,5,6}

	21/31
	
	{0,1,2,3,4,5,6} {0,3,6}
	{1,2,4,5} {1,4}
	{1,2,3,4,5,6} {3,6}

	22/32
	
	{0} {0,1,2,3,4,5,6}
	{1} {1,2,4,5}
	{1,6} {1,2,3,4,5,6}

	23/33
	
	N/D
	{1,4} {1,4}
	N/D

	24/34
	
	N/D
	N/D
	N/D

	25/35
	
	N/D
	N/D
	N/D

	26/36
	
	N/D
	N/D
	N/D

	27/37
	
	N/D
	N/D
	N/D

	28/38
	
	N/D
	N/D
	N/D

	29/39
	
	N/D
	N/D
	N/D

	40
	3
	{0,3,6} {0,1,2,3,4,5,6}
	N/A
	{3,6} {1,2,3,4,5,6}

	41
	
	{0,1,2,3,4,5,6} {0,3,6}
	N/A
	{1,2,3,4,5,6} {3,6}

	42
	
	{0} {0,1,2,3,4,5,6}
	N/A
	N/A

	43
	
	N/D
	N/A
	N/D

	44
	
	N/D
	N/A
	N/A

	45
	
	N/D
	N/A
	N/D

	46
	
	N/D
	N/A
	N/D

	47
	
	N/D
	N/A
	N/D

	48
	4
	{0,1,2,3,4,5,6} {0,1,2,3,4,5,6}
	{1,2,4,5} {1,2,4,5}
	{1,2,3,4,5,6} {1,2,3,4,5,6}

	49
	
	{0,1,2,3,4,5,6} {0,1,2,3,4,5,6}
	{1,2,4,5} {1,2,4,5}
	{1,2,3,4,5,6} {1,2,3,4,5,6}

	50
	
	{0,1,2,6} {0,1,2,3,4,5,6}
	{1,2} {1,2,4,5}
	{1,2,6} {1,2,3,4,5,6}

	51
	
	{0,1,2,3,4,5,6} {0,1,2,3,4,5,6}
	{1,2,4,5} {1,2,4,5}
	{1,2,3,4,5,6} {1,2,3,4,5,6}

	52
	
	{0,1,2,6} {0,1,2,6}
	{1,2} {1,2}
	{1,2,6} {1,2,6}

	53
	
	{0,1,2,6} {0,1,2,6}
	{1,2} {1,2}
	{1,2,6} {1,2,6}

	54
	
	{0,1,2,6} {0,1,2,6}
	{1,2} {1,2}
	{1,2,6} {1,2,6}

	55
	
	{0,1,2,6} {0,1,2,6}
	{1,2} {1,2}
	{1,2,6} {1,2,6}

	56
	
	{0,1,2,6} {0,1,2,6}
	{1,2} {1,2}
	{1,2,6} {1,2,6}

	57
	
	{0,1,2,6} {0,1,2,6}
	{1,2} {1,2}
	{1,2,6} {1,2,6}


Table 1 Available UL/DL configurations for eIMTA reconfiguration in even/odd frames
We have following observations from Table 1:

· For most of combinations in which PRACH preamble is transmitted in normal UL subframes with format 0~3, eIMTA reconfiguration is feasible, but with a big limitation that the DL-heavy configurations (#2,#4,#5) are available only in half of radio frames --- either even or odd frames. Additionally, in order to fully achieve eIMTA gain, the TDD reconfiguration cycle has to be 10ms, which can be a tight requirement on backhaul delay in case of supporting cell coordination.  In addition, there could be a dilemma on selection of DL HARQ reference configuration. For example,  given PRACH configuration index 0 under SIB1 UL/DL configuration #0, available UL/DL configurations in even and odd frames are {0,3,6} and {0,1,2,3,4,5,6}, respectively. If DL HARQ reference configuration is #5, the fixed UL subframes in even frames are extremely restricted as in UL/DL configuration #5 without any DL gain beyond UL/DL configuration #3; if DL HARQ reference configuration is not #5, the eIMTA gain is not fully achieved in odd frames. 
· If both the even and odd frames are desired to be capable of reconfiguration to DL-heavy configurations (#2, #4, #5), the number of available preamble configurations in normal UL subframes is quite limited (those qualified entries in Table 1 are marked green). 

· Further, if SIB1 indicates TDD configuration #0 or #6 and PRACH preamble is configured in normal UL subframes, it is impossible to dynamically change both even and odd frames to UL/DL configuration #5 without hitting a chance that PRACH opportunity falls into a DL subframe.   
· As a general solution to support capability for reconfiguring both even and odd frames to UL/DL configuration #5 as RAN1 assumes in the evaluation assumptions since eIMTA-SI phase, PRACH preamble has to be configured as format 4 in UpPTS of subframe 1, for which the frequency hopping is not available for SIB1 UL/DL configurations with two switching points. If all eIMTA-enabled cells have their PRACH opportunities falling onto the same OFDM resources and the accumulated strong PRACH signal is extended into GP, the preamble from one UE may suffer interferences not only from other UE’s preambles in the system, but also the DL signals from remote eNBs. Moreover, the PRACH in UpPTS with normal-CP DL only allows special subframe configurations 5~9.
3. Conclusions
This contribution is concluded with following observations. 
For a TDD eIMTA enabled cell, assuming no PRACH opportunity is allowed to hit a DL subframe, the existing PRACH preamble configurations result in one of following cases:

a. PRACH preamble opportunities are configured in normal UL subframes and none of DL-heavy configurations (#2,#4,#5) can be dynamically available in any radio frames. The limitations are: 

· For any selected DL HARQ reference configuration, there exist some SIB1 UL subframes that are marked as DL in DL HARQ reference configuration but never dynamically used as DL, which means PUCCH could have been over-restricted for nothing to be gained back on DL. 

· eIMTA gain is low, likely not deserving the eNB to enable eIMTA feature in the cell; 

b. PRACH preamble opportunities are configured in normal UL subframes and at least one of DL-heavy configurations (#2,#4,#5) is required to be dynamically available in either even or odd radio frames, but not both. The limitations include:

·  The eIMTA gain is not effectively achieved in half of time;  

· Dilemma on selection of DL HARQ reference configuration.  

· The cell is configured to either have 10ms reconfiguration cycle to fully exploit eIMTA gain but requiring low backhaul delay, or have longer reconfiguration cycle to further reduce eIMTA benefit in the remaining half of time.
c. PRACH preamble opportunities are configured in normal UL subframes and at least one of DL-heavy configurations (#2,#4,#5) is required to be dynamically available in both even and odd radio frames. The limitations include:

·  The number of usable PRACH configuration indices is extremely limited (1~2 indices if SIB1 indicates UL/DL configuration #0 or #6); 

·  If SIB1 indicates UL/DL configuration #0 or #6, UL/DL configuration 5 cannot be dynamically selected at any time. 
d. PRACH preamble opportunities are configured in UpPTS of subframes 1 and 6, and reconfiguration between two switching points is not supported in either even or odd frames. The limitations include:

·  The loss of UL/DL configuration #5 capability in at least half of time, or even always. 

· The cell is configured to either have 10ms reconfiguration cycle to fully exploit eIMTA gain but requiring low backhaul delay, or have longer reconfiguration cycle to lose UL/DL configuration #5 capability in the remaining half of time.

· Some special subframe configurations are not allowed. 

e. PRACH preamble opportunities are configured in UpPTS of subframe 1 only, and reconfiguration between two switching points is supported in both even and odd frames. The limitations include:

·  Potentially strong interferences from accumulated preambles and DL signals come to short PRACH that has no frequency hopping. This could be a very specific condition in cell planning. 
·  Some special subframe configurations are not allowed.  
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