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1 Introduction
In latest RAN4 meeting, there has been questions regarding existing specified requirements for TX diversity, MIMO and continuous CA in [1]. The questions are expressed in [2] and relates to whether existing requirements shall be interpreted for intra-site or inter-site deployments. 
In this contribution, we provide answers to questions in [2] for TX diversity, MIMO and continuous CA and describe our view for an inter-site TAE specification. 

2 Background

Extract from [2] below.
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Following table shows the common RAN4 understanding of current
TAE requirement applicability. (Discussion is required for yellow
pa rtS) Configurations TAE requirement

Intra-BS Inter-BS
MIMO or Tx div. 65ns
intra-band C CA 260ns (FR1), 130ns (FR2)

In RAN4#87 meeting, encouraged companies provide their
understanding and view on following questions/action points.

1.  If the current TAE requirements (65ns for MIMO/Div. for both
FR1/FR2, 260ns for intra-band C CA for FR1, and 130ns for intra-
band C CA for FR2) are also applicable for inter-BS case?

2. Iftheanswerin 1. is “NO”, if RAN4 needs to specify separate TAE
requirement for inter-BS case? If needed how RAN4 should derive
the required TAE value?

In RAN4#87 meeting, RAN4 shall decide/have consensus on at least
above 1 question, and agree the clarification CR to TS38.104 if
needed.




The questions are related to deployment conditions for the in [1] specified TAE=65ns for TX diversity and MIMO and 130/260ns for contiguous CA.

Actually, this have already been clarified in [3], a LS response from RAN to ITU-T Study Group 15.
“RAN thanks ITU-T Study Group 15 for their LS/r on the initiation of work to support IMT-2020/5G in the Transport Network. In that document, ITU-T SG15 asked if it is correct to expect that in the case of MIMO or Tx diversity transmissions, and intra-band contiguous carrier aggregation, that the antennas typically be co-located (same site).“
“In 3GPP RAN, the above-mentioned features are specified to be applied intra-gNB, where the gNB is a logical node. A gNB is then typically implemented within a “base station” that is deployed at a “site”. Although base station antennas of the same “site” can be deployed at different locations within that site, e.g. different corners of a roof, it is correct to assume that the distribution of the reference timing signal would not be required between sites; an intra-site timing distribution would suffice.”

Observation- 1: According to earlier clarification in LS to ITU-T Study Group 15 [3] the specified TX diversity, MIMO and continuous CA requirements shall be interpreted as intra site requirements.

3 Requirement clarification
The TX diversity and MIMO requirement of 65ns and was inherited from LTE in its existing form.

Normally requirements that have distributed ARPs and applicable for inter site have in addition to a BS TAE a related MRTD requirement specified. The MRTD consists of the following parameters, the BS Timing Alignment error (TAE), the RF propagation delay difference time (ΔTprop) and the channel delay spread (Tchannel), the last part sometimes left out if requirement lacks a direct relation to CP:

MRTD = TAE + ΔTprop + Tchannel

None of the raised requirements have a MRTD requirement specified which in earlier discussion e.g. for contiguous CA has been explained not needed since co-located ARP and ΔTprop =0 with TAE as a fraction of the CP still allowing for a reasonable Tchannel budget.
Observation- 2: The presence of a related MRTD could serve as an indication if a requirement also is valid inter site with non-co-located ARPs. However, a clarification to existing requirements could be beneficial.  
4 Inter site requirements 
For inter site, a reasonable large ΔTprop needs to be allocated to prevent limiting the service to a small area. 
Maintaining the specified 65ns at the receiver for an inter site for distributed ARP deployment would even with an unrealistic ideal TAE=0 * still only allow ~+/- 10m service area from a symmetric midpoint due to ΔTprop see Figure 1. 

*Note: Trying would drive product, installation and maintenance cost and since lack of holdover margin result in reduced service availability 

One could conclude that for 65ns even with an unrealistic ideal TAE, the actual service area would be very limited due to the small allowed ΔTprop which of course also would be an issue for mobility. 

A TAE ≠0 will simply offset and move the timing centre point closer to the base station with the “late” timing, at this new centre point there will be a ΔTprop and related pathloss difference/asymmetry. A path loss difference normally causes a received power difference that normally should be limited i.e. both a timing window and power window must be considered for the service. 
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Figure 1 MRTD and ΔTprop relations

For an inter site deployment the requirement of 65ns derived from LTE could be questioned, this does only correspond to approximately 1.4% of the cyclic prefix for 15kHz SCS but scale and relative fraction increases for larger SCS in NR with smaller CP. 
For the discussed services the MRTD=CP and the earlier MRTD equation can hence be written as:
MRTD = TAE + ΔTprop + Tchannel = CP
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Figure 2 MRTD budget
As can be seen an infinite amount of combinations for TAE, ΔTprop and Tchannel will fulfil the MRTD equation and none of the parameters can be considered fixed.
Tchannel: This part of the budget is very much dependent of the actual deployed environment and could have an implementation dependency e.g. whether beamforming is used or not. Some challenging environments would need the complete CP for the Tchannel to avoid effects of ISI while other environments could have large margin and thereby a relative larger allocation for the other parameters in the budget.

ΔTprop: Different scenarios would have different requirement for ΔTprop e.g. there would be a difference between a homogenous deployment and a heterogenous deployment where the latter generally would need a larger ΔTprop. Different cells sizes and different levels of mobility would also likely impose different needs.
TAE: Different deployments and environments will have different possibility for cost efficient synchronization solutions targeting strict inter-site TAE. For example, in some environments local GNSS as synchronization is simply not possible or performance could be severely degraded.
As mentioned above the position of the device targeted for the service does not only need to be within an area where the timing is fulfilled, it also needs to be positioned within an area where received power is fulfilled, certain UE beamforming implementations could reinforce link asymmetries.
Observation -3: An infinite amount of combinations for TAE, ΔTprop and Tchannel will fulfil the MRTD equation for the discussed services in an inter-site deployment. None of the parameters can be considered fixed. Taking the multitude of conditions and considerations that impacts the TAE in a complete MRTD budget, it would not be possible nor wise to trying to specify this as a single figure for an inter-site deployment. A figure might not even be sufficient in some cases and over-specified in others.
5 Conclusion
In this contribution, we discussed and answers questions in [2] whether existing TX diversity, MIMO and contiguous CA requirement are to be interpreted as intra- site only or also valid for inter-site deployments. We also discuss around the difficulty trying to define a proper TAE for inter site deployments of those services.
Based on our understanding as explained in this paper, we observe the following: 

Observation- 1: According to earlier clarification in LS to ITU-T Study Group 15 [3] the specified TX diversity, MIMO and continuous CA requirements shall be interpreted as intra site requirements.

Observation- 2: The presence of a related MRTD could serve as an indication if a requirement also is valid inter site with non-co-located ARPs. However, a clarification to existing requirements could be beneficial.  

Observation -3: An infinite amount of combinations for TAE, ΔTprop and Tchannel will fulfil the MRTD equation for the discussed services in an inter-site deployment. None of the parameters can be considered fixed. Taking the multitude of conditions and considerations that impacts the TAE in a complete MRTD budget, it would not be possible nor wise to trying to specify this as a single figure for an inter-site deployment. A figure might not even be sufficient in some cases and over-specified in others.

Based on our observations we suggest the following proposals:
Proposal1: The specified TX diversity MIMO and continuous CA requirements shall be interpreted as intra site requirements and a clarification in [1] could be beneficial. 
Proposal2: For reasons mentioned and highlighted in observation 3 it is neither possible or beneficial specifying a TAE for TX diversity, MIMO and continuous CA in an inter-site deployment i.e. proposal is following LTE and not specify this in NR. 
Based on these proposals, we proposed a draft CR in [4]. 
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